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INVENTION 



DNA ENCODING 1,3 BETA-D GLUCAN SYNTHASE SUBUNITS 

CROSS-RELATED TO OTHER APPLICATIONS 

This is a continuation-in-part of U.S.S.N. 08/135,149 filed 
October 12, 1993, now pending, and a continuation-in-part of U.S.S.N. 
08/135,148 filed October 12, 1993, now pending and a continuation-in- 
part of U.S.S.N. 08/135,150 filed October 12, 1993, now pending, each 
of which is expressly incorporated by reference. 

SUMMARY OF THE INVENTION 

DNA molecules encoding proteins involved in biosynthesis 
of 1,3-beta-D glucan are identified, cloned, expressed and used in jn 
vitro assays to screen for antifungal compounds, including compounds 
that affect cell wall biosynthesis. The invention includes the purified 
DNA molecules, assays employing the DNA molecules, proteins 
encoded by the DNA molecules, cells expressing the DNA molecules 
and altered forms of the molecule. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a restriction map of plasmid pFF119. 
Figure 2 is a restriction map of plasmid pFF334. 
Figure 3 is a restriction map of ll.Okb EcoRI insert of 

pGS3. 

Figure 4 is a restriction map of 1 1 .Okb Xbal insert of 
pGS6. The bold line designates the part of the fksA gene that was 
sequenced. The insert of pGS15 is shown and its derivatives containing 
the nested deletions (pGS 17-pGS21 ). 

Figure 5 is the DNA sequence and putative amino acid 
translation of part of the fksA gene. 

Figure 6 is the FKS1 DNA sequence. 

Figure 7 is the amino acid sequence of FKS1 protein. 

Figure 8 is the FKS2 DNA sequence. 

Figure 9 is the amino acid sequence of FKS2 protein. 
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Figure 10 shows the DNA and amino acid sequences of 

fksA. 

Figure 1 1 shows the DNA sequence of an FKS1 homolog 
isolated from Candida albicans . 

Figure 12 shows the amino acid sequence of an FKS1 
homolog of Q. albicans . 

Figure 13 is a partial list of yeast strains. 

BACKGROUND OF THE INVENTION 

DNA molecules encoding proteins involved in biosynthesis 
of 1 ,3-beta-D glucan are identified, cloned, expressed and used in in 
vitro assays to screen for antifungal compounds, including compounds 
that affect cell wall biosynthesis. The invention includes but is not 
limited to the purified DNA molecules, assays employing the DNA 
molecules, proteins encoded by the DNA molecules, cells expressing the 
DNA molecules and altered forms of the molecule. 

The present application is directed to purified DNA 
fragments that contain a gene which reverses the mutant phenotypes of 
several different strains of Saccharomvces cerevisiae. The gene is 
called FKS1 , for FK506 sensitivity gene 1, and is also known as ETG1 
(echinocandin target gene 1). Echinocandins are acyl-substituted cyclic 
hexapeptides that inhibit the synthesis of 1 ,3-beta-D-glucan in many 
fungi. FKS2 is a homolog of FKS1. FKS1 was cloned from a genomic 
library of Saccftaromyces cerevisiae . The properties of FKSI suggest 
that it encodes a subunit of 1,3-p-D glucan synthase. Proteins encoded 
by FKSI or homologs thereof represent possible targets for drug 
therapy for fungal disease. The invention includes homologs such as 
FKS2, which also encodes a target of the echinocandins, and closely- 
related genes from pathogenic fungi such as Aspergillus fumigatus . 
Candida albicans and Crvptococcus neofoimans . 

The invention comprises a gene which reverses the 
drug-related phenotypes of distinct mutants of S. cerevisiae . Several 
mutant strains were identified by their altered sensitivity to specific 
classes of fungal cell wall inhibitors, while another mutant strain is 
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hypersensitive to the immunosuppressive compounds FK506 and 
cyclosporin A. 

Understanding the mode of action of novel therapeutic 
compounds employs a variety of experimental approaches involving 
both biochemistry and genetics. One approach is to try to isolate 
organisms resistant or sensitive to test compounds. Such mutants can 
then sometimes be used to isolate genes encoding the drug targets. A 
general description of some of the relevant areas of yeast biology and 
the mutant organisms follows. 

FK506 and cyclosporin A (CsA) are potent immuno- 
suppressants that inhibit an intermediate Ca2+-dependent step in T cell 
activation and block interleukin-2 (IL-2) production (for a review, see 
Sigal et al, 1992, Ann. Rev. Immunol . l£):519-560). FK506 binds to a 
family of proteins known as FK506 binding proteins (FKBP) while CsA 
binds to members of another family of proteins called cyclophilins. The 
resulting drug-receptor complex (FTCBP-FK506 or cyclophilin-CsA) 
binds and inhibits calcineurin, a Ca2+- and calmodulin-dependent 
protein phosphatase, suggesting that inhibition of calcineurin may be a 
mechanism of immunosuppression (Liu £tai-» 1991. Cell . 66:807-815). 

FK506 and CsA are also antibiotics that inhibit the growth 
of certain strains of yeast and fungi. The antifungal properties of these 
drugs and the existence of FKBP, cyclophilins and calcineurins in yeast 
and fungi have prompted genetic examinations of the mode of action of 
the drugs in these organisms. 

Using FK506 as a screening agent, hypersensitive mutants 
were isolated. The fksl-1 mutation discovered in this screen was used 
to clone the FKS1 gene. A homolog of FKS1 (FKS2) was also 
discovered and cloned. Examples describing the discovery of this 
mutation, its use, and the cloiiing of FKS1, FKS2 and homologs of 
these genes are provided below. 

CsA supersensitive mutants have been reported, but their 
relationship to FKS1 or FKS2, if any, was not disclosed (Koser, P.K. 
£t al , 199L Gene . 108:73-80). 
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The fungal cell wall is a complex structure involved in a 
variety of vital cellular processes. Vegetative growth, moiphogenesis, 
uptake and secretion of macromolecules and protection against osmotic 
changes are affected by changes in the composition and integrity of the 
cell wall. It might be expected that antifungal compounds which act via 
the inhibition of cell wall synthesis, a process essential to fungi and 
absent from mammalian cells, would produce an ideal combination of 
fungicidal activity and low mammalian toxicity. 

Efforts from a large number of laboratories have been 
directed towards the identification of such agents, although compounds 
of this type have not yet been introduced into clinical practice. The 
walls of fungi are composed of a number of polymers: chitin, alpha- 
and beta-glucans, and mannoproteins are all potential targets for 
antifungal therapy. 

A major class of beta-glucan inhibitors is comprised of 
several lipopeptide antibiotics including aculeacin A, echinocandin B 
and the pneumocandins. These compounds are all cyclic hexapeptides 
containing a non-polar fatty acid side chain. Fungicidal activity of the 
natural products is largely limited to yeasts. Echinocandins are 
fungicidal by virtue of their ability to inhibit whole cell synthesis of 
1,3-beta-D glucan, which disrupts the integrity of the cell wall and 
causes whole yeast cells to lyse. Echinocandins inhibit m vitro 
polymerization of glucose into 1 ,3-beta-D glucan, a reaction that can be 
catalyzed by mixed membrane fractions from several types of fungi, 
such as £ albicans, Aspergillus fumigatus and Nevrospora cm$sa. 

A second structural class of beta-glucan synthesis 
inhibitors, the papulacandins and chaetiacandin, contain a glycoside 
component connected to an aromatic ring system and two long chain 
fatty acids. These compounds have the same mode of action as the 
echinocandins. Chemical modification efforts in addition to natural 
product discovery programs have been aimed at the identification of a 
clinically useful echinocandin, papulacandin, or chaetiacandin. It is 
likely that analogues will eventually be incorporated into clinical use. 
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Matsumoto £l aL, reported that Pneumocystis carinii . a 
major cause of pneumonia-related death in AIDS patients in the 
United States, has beta-glucan in the wall of its cyst form (Matsumoto, 
Y., elal, 1989. J. ProtozooL . 36:21S-22SV Inhibitors of beta-glucan 
synthesis, such as papulacandins and echinocandins, might therefore 
have efficacy in treating P. carinii infections. Schmatz ei al M reported 
that in a rat model of F\ carinii pneumonia, L-67 1 ,329 (an 
echinocandin) and L-687,781 (a papulacandin) were both effective in 
reducing the number of cysts in the lungs of infected rats (D.M. 
Schmatz £l aL, 1990. PNAS , 87:5950-5954). These results suggest that 
beta-glucan synthesis is a viable target for therapeutics useful in the 
treatment of IL parinii infections. 

There have been several efforts to isolate bona fide drug 
resistant strains of S. cerevisiae affected in beta-glucan synthesis. 
Mutants that have been isolated include acul (Mason, M., e| a]., 1989. 
Yeast Cell Biology meeting . August 15 - August 20, 1989, Cold Spring 
Harbor Laboratory, Cold Spring Harbor, N.Y. Abstract # 154); 
acrl 72/3/4 (Font de Mora, J., et aL, 1991. Antimicrob. Agents 
Chemother. . 22:12 2596-2601); and papl (Duran, A., et aL, 1992. In; 
Profiles in Biotechnology (T.G. Villa and J. Abalde, Eds.) Serivicio de 
Publicaciones, Universidad de Santiago, Spain, pp. 221-232). One 
disadvantage of these attempts was the poor potency of aculeacin and 
papulacandin against S. cerevisiae . 

In the present work, a more potent echinocandin 
(L-733,560) was used as a selective agent, and mutants specifically 
affected in glucan synthesis were isolated. The first mutant discovered 
in this screen (strain R560-1C) was used to clone the FKS1 gene. A 
second mutant identified in the search for L-733,560-resistant strains 
was found to be echinocandih-resistant and supersensitive to the chitin 
synthase inhibitor nikkomycin Z. Chitin, like beta-glucan, is a 
polysaccharide essential for the structural integrity of the fungal cell 
wall. Nikkomycin Z inhibits cell growth and the in vitro 
polymerization of chitin. The second mutant was also used to clone the 
FKS1 gene. 
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DETAILED DESCRIPTION OF THE INVENTION 

DNA molecules encoding proteins involved in biosynthesis 
of 1,3-beta-D glucan is identified, cloned, expressed and used in in vitro 
assays to screen for antifungal compounds, including compounds that 
affect cell wall biosynthesis. The invention includes but is not limited to 
the purified DNA molecules, assays employing the DNA molecules, 
proteins encoded by the DNA molecules, cells expressing the DNA 
molecules and altered forms of the molecule. 

The present invention relates to the isolation, 
characterization, expression, and sequence of a DNA molecule encoding 
S. cerevisiae FK506 sensitivity genel (FKS1), which is also known as 
ETG1, and homologs of FKS1, which include but are not limited to 
FKS2. The FKS1 gene is obtained from a strain of £L cerevisiae which 
is capable of producing FKS1 protein. Such strains of yeast are well- 
known in the art and include, but are not limited to, S. cerevisiae 
W303-1A, S288C, GRF88, and YFK007. 

The FKS2 gene was found in Southern blots of £L cerevisiae 
genomic DNA as a band hybridizing to a probe consisting of FKS1 
DNA. 

Although one cannot predict that a particular mutant which 
is resistant or hypersensitive to these drugs may be isolated, 
nevertheless, the techniques of isolation of drug hypersensitive or 
resistant mutants are similar to those used in the isolation of 
auxotrophic, temperature-sensitive, and UV -sensitive mutants as 
described in MYG (infra ). The FKS 1 gene or homologs of FKS 1 may 
be isolated from a chromosomal DNA library by a variety of methods 
including: (1) complementation of a mutation (fksl-1) rendering cells 
hypersensitive to the immunosuppressant drugs FK506, cyclosporin A, 
or other calcineurin inhibitors; (2) complementation of a mutation 
(fksl-2) rendering cells resistant to echinocandins; or (3) 
complementation of a mutation (fksl-4) rendering cells hypersensitive 
to nikkomycin Z. (GYG . infra, pp. 1 95-230). 

The FKS I gene or its homologs may be isolated from 
chromosomal DNA by preparing a library of DNA fragments in a DNA 
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cloning vector and screening individual clones for the presence of 
FKS1. For example, a library of S. cerevisiae genomic DNA from 
strain GRF88 in the plasmid YCp50 can be obtained from the American 
Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 
20852, as ATCC 37415. 

A plasmid library may be prepared by isolating 
chromosomal DNA from pure cultures of the microorganisms. Such 
microorganisms include, but are not limited to, cerevisiae strains 
W303-1A, S288C, GRF88, and MY2146 (YFK007). The chromosomal 
DNA is fragmented, for example, by partial digestion with one or more 
restriction endonuclease enzymes, such as BamHI, Clal, Bell, Bglll, 
Kpnl, Sau3AI, or Xhol, with Sau3AI being preferred. The digested 
DNA fragments are separated by size, and the size specific fragments, 
about 2 to 15 kb in length, are inserted into a cloning vector. 

Cloning vector as used herein is defined as a DNA sequence 
which allows the incorporation of specific experimental DNA, with the 
combined DNA being introduced into a host cell that can exist in a 
stable manner and express the protein dictated by the experimental 
DNA. The foreign DNA combined with the vector DNA constitutes a 
recombinant DNA molecule which is derived from recombinant 
technology. Cloning vectors include, but are not limited to, plasmids, 
bacteriophage, viruses, and cosmids. 

The cloning vector is cut with a restriction endonuclease 
such as Sail, treated with phosphatase and the DNA fragments are 
ligated with a DNA ligase, with T4 DNA ligase being preferred. The 
cloning vectors are used to transform host cells competent for the 
uptake of DNA. Host cells for cloning, DNA processing, and 
expression include but are not limited to bacteria, yeast, fungi, insect 
cells and mammalian cells, with the preferred host being Escherichia 
coli . The most preferred hosts are & £fili K-12 strains RR1 , HB101 , 
JM109, DH1 IS, or DH5a. When about 5 x 10 4 independent genomic 
DNA fragments are ligated into a cloning vector, this is called a library. 
A true library is likely to contain a representation of the entire genome. 
Examples of such libraries are described in Rose slal., (GYG, infra ). 
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Competent host cells which take up and stably maintain a 
recombinant DNA molecule in the transformation procedure can be 
identified by their ability to grow on LB medium supplemented with a 
plasmid-selective drug. For plasmid vectors containing the ampicillin 
resistance gene, ampicillin is the preferred selective drug. To obtain a 
full representation of the library, transformation mixtures are spread on 
the surface of many agar plates and incubated under appropriate 
conditions. Transformant cells can be resuspended from the surface of 
agar plates in a small volume of liquid medium, witli 10 ml of LB 
medium being preferred. The cell suspension is used to inoculate a 
larger volume of LB liquid, supplemented with the selective drug, and 
incubated overnight at 37°C. Plasmid DNA is then extracted from the 
cells by methods known in the art. 

Screens to identify the FKS1 gene or its homologs in the 
plasmid library can be devised. One strategy requires the use of an 
echinocandin-resistant mutant of S. cerevisiae . such as strain R560-1C 
(MY2140). Cells are made competent to take up DNA and are then 
transformed with library DNA. Transfoimants bearing the FKS1 gene 
will exhibit a plasmid-dependent decrease in resistance to a selective 
echinocandin. This expectation is based on information from a genetic 
analysis of strain R560-1C. When R560-1C is mated to wild-type 
strains, the heterozygous diploids are intermediate in echinocandin 
sensitivity compared to the respective parents, suggesting that a single 
copy of the wild type gene can make the mutant more sensitive to 
echinocandins. 

Aliquots of the transformation mixture are plated on media 
which are selective for transformants. After incubation to allow 
growth, colonies are collected, pooled, and stored, preferably by 
freezing at -80°C in medium supplemented with 25% glycerol. The 
titer, defined as the number of colony forming units per milliliter, is 
determined by methods known in the art. 

Identification of transformants that contain the FKS1 gene 
may be accomplished by plating the library onto agar plates containing 
plasmid-selective medium such that a countable number of colonies 
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grow on each plate. A portion of each colony is transferred to two agar 
plates by replica plating: the first plate contains plasmid-selective 
medium supplemented with a concentration of the selective echinocandin 
which kills the cells with intermediate sensitivity, and the second 
contains plasmid-selective medium only. Positive clones are defined as 
those colonies which grow normally on the plate without echinocandin 
but grow poorly or not at all on the echinocandin-containing plate. 

The echinocandin-sensitive phenotype may be detected by a 
variety of tests. In one test, cells from a colony are patched directly 
onto the surface of plates containing different concentrations of the 
selective echinocandin; cells that grow poorly are scored after two days 
of incubation. 

In a second test, a portion of each colony is transferred by 
replica plating to an agar plate containing the selective echinocandin at a 
concentration approximately twice that used in the first test. Positive 
clones do not grow on these plates. 

In a third test, cells from an individual colony are 
inoculated into plasmid-selective liquid medium and grown to 
saturation. An aliquot of the saturated culture is used to inoculate fresh 
liquid medium supplemented with or without the selective echinocandin. 
After incubation, growth is measured by optical density at a wavelength 
of 600 nm. Colonies that fail to grow in the presence of echinocandin 
are scored as positive for increased sensitivity to echinocandin. 

In another test, potential clones are assayed in a broth 
microdilution assay, wherein a range of concentrations of the selective 
echinocandin are tested. Positive clones are more sensitive to the 
selective echinocandin than the original resistant mutant. 

Tests such as those described above may be used screen a 
library of genomic DNA so as to identify a recombinant plasmid that 
contains a functional copy of the FKS1 gene. To determine whether the 
increase in sensitivity to echinocandin is due to a plasmid-encoded copy 
of FKS1, positive clones are cured of plasmid DNA and tested for a 
decrease in sensitivity to echinocandin. If decreased echinocandin 
resistance is due to the presence of the plasmid, then plasmid loss results 
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in the loss of this phenotype. Echinocandin sensitivity may be measured 
in a variety of ways, preferably by the broth microdilution assay. 

More direct proof that the increase in sensitivity to 
echinocandin is due to the presence of a plasmid containing the FKS1 
gene may be obtained by isolating plasmid DNA from a positive clone. 
Cells of £. coli competent to take up DNA are transformed with the 
plasmid, and transformants are identified and isolated. Plasmid DNA is 
isolated from the transformed JL Sfili and then digested with restriction 
endoniicleases to yield fragments of discrete sizes. The size of each 
fragment can be estimated by conventional methods, such as gel 
electrophoresis. By digesting the plasmid with a variety of enzymes, a 
map indicating positions of cleavage is generated; the map is distinct and 
specific for the cloned fragment. A detailed restriction map is sufficient 
to identify a particular gene within the genome. Fragments of the 
cloned gene, generated by digestion with endonucleases, can be purified 
from agarose gels and ligated into vectors suitable for sequencing by 
methods known in the art. Such vectors include, but are not limited to 
pBR322, YEpl3, YEp24, pGEM3Zf(+), pGEM5Zf(+), and 
pGEM7Zf(+), with pGEM3Zf(-), and pGEM7Zf(-) being preferred. 
Double stranded DNA is prepared from each of the plasmids and used 
for sequencing. 

A second strategy for identifying clones containing the 
FKS1 gene utilizes its ability to complement an FK506 hypersensitive 
mutation. An FK506 hypersensitive mutant is transformed with library 
DNA. Transformants no longer hypersensitive to FK506 are identified 
by incubating all transformants in the presence of levels of FK506 
inhibitory to the growth of the hypersensitive mutant but not to the 
wild-type strain. Only strains containing DNA comprising the FKS1 
gene grow. A similar strategy may be devised using cyclosporin A or 
any other calcineurin inhibitor to which the mutant is hypersensitive. 

A third strategy for identifying clones containing the FKS1 
gene utilizes its ability to complement a mutation conferring 
hypersensitivity to nikkomycin Z. The nikkomycin Z sensitive mutant, 
such as MS 14, is transformed with library DNA. Transformants no 
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longer hypersensitive to nikkomycin Z are identified by incubating all 
transformants in the presence of levels of nikkomycin Z inhibitory to 
the growth of the hypersensitive mutant but not to the wild-type strain. 
Only strains containing DNA containing the FKS1 gene grow. 

The FKS2 gene, a homolog of FKS1, may be isolated from 
chromosomal DNA. Chromosomal DNA is isolated from pure cultures 
of microorganisms known from Southern hybridization analysis to 
contain FKS2, using standard methods. The chromosomal DNA is 
fragmented by digestion with various enzymes. The isolation of FKS2 
may be carried out with the use of a probe consisting of a DNA 
molecule with a region of nucleotide sequence similar to a portion of 
that of the FKS1 gene. The length of this fragment need only be great 
enough to confer specificity for FKS2 in a hybridization screen of DNA 
from an FKS2 containing organism. This fragment may also be longer 
than the minimum length required to achieve specificity of 
hybridization. Preferred fragments are the 3.5-kb Kpnl FKS1 fragment 
or the 10-kb Pstl-SphI FKS1 fragment. 

The FKS1 or FKS2 gene of S. cerevisiae may be used to 
isolate and characterize homologous genes in pathogenic fungi. 
Southern blot hybridization analyses show that genes closely related to 
FSK1 and FKS2 exist in the pathogenic fungi. Because the pathogenic 
fungi, which include but are not limited to strains of C neoformans . C. 
albicans . A. ftimigatus. Ma gnaportha grisea . and Ustilago mavdis . have 
1,3-beta-D glucan in their cell walls, it is likely that a functional 
homolog of FKS1 or FKS2 exists in each of these fungi. It is also likely 
that a functional homolog of FKS1 or FKS2 exists in other organisms 
that have 1,3-beta-D glucans in their cell walls. Examples of such 
organisms include, but are not limited to En* carinii . 

FKS1 and FKS2 homologs may be detected by isolating 
chromosomal DNA from £L albicans , d neoformans . A* fumigatus . 
A. nidulans , M. grisea , and U. maydis . A portion of the chromosomal 
DNA is cut to completion with a number of restriction enzymes, such as 
EcoRI, Hindm, EcoRV, Clal, and Xhol. The digested fragments of 
DNA are separated by gel electrophoresis. The fragments are then 
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transferred to a solid membrane support such as nitrocellulose or nylon 
membrane with nylon membrane being the preferred method. The 
nylon blot is then hybridized with a labeled probe. The probe may be 
labeled with a radioisotope. The radioisotope of choice is 32p # A DNA 
fragment can be radiolabeled either by a nick translation procedure 
(such as the one described in Rigby et ah* (1977) J. Mol. Biol. . 
113 :237-251) or a random priming procedure (such as the one 
described in Feinberg and Vogel stein (1983) Anal. Biochem. . 
132 :6-13). with the random priming procedure being preferred. The 
blot is hybridized overnight with a radiolabeled fragment, the 1.4-kb 
Sall-Clal FKS1 fragment or the 3.5-kb Sall-Clal FKS1 fragment or the 
1.7-kb Pstl-Bgin FKS2 fragment being the preferred probes. The 
following day the blot is washed and then exposed to XAR-5 film and 
developed. The conditions for washing the blot are such that only genes 
with a high degree of homology will hybridize with the probe and 
appear on the autoradiogram. The size and pattern of the digested 
fragments which hybridize with the probe generate a genomic map. 
For each organism, the map is sufficient to specifically identify the 
FKS1 or FKS2 homologs in the chromosome. 

Mutations of the FKS1 gene, including, but not limited to, 
fksl-1 or disruptions or deletions of FKS1, are useful for screening for 
glucan synthase inhibitors. Such a screen relies on the change in 
susceptibility of such mutations compared to an FKS1 wild-type strain 
to glucan synthase inhibitors. Any technique capable of detecting this 
difference can be used. A zone of inhibition assay on agar plates is 
particularly useful. 

It is known that there is a substantial amount of redundancy 
in the various codons which code for specific amino acids. Therefore, 
this invention is also directed to those DNA sequences which contain 
alternative codons which code for the eventual translation of the 
identical amino acid. For purposes of this specification, a sequence 
bearing one or more replaced codons will be defined as a degenerate 
variation. Also included within the scope of this invention are 
mutations either in the DNA sequence or the translated protein which do 
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not substantially alter the ultimate physical properties of the expressed 
protein. For example, substitution of valine for leucine, arginine for 
lysine, or asparagine for glutamine may not cause a change in 
functionality of the polypeptide. 

It is known that DN A sequences coding for a peptide may 
be altered so as to code for a peptide having properties that are different 
than those of the naturally-occurring peptide. Methods of altering the 
DNA sequences include, but are not limited to site directed mutagenesis. 
Examples of altered properties include but are not limited to changes in 
the affinity of an enzyme for a substrate or a receptor for a ligand. 

As used herein, a "functional derivative" of a modified 
FKS1 DNA or protein is a compound that possesses a biological activity 
(either functional or structural) that is substantially similar to the 
biological activity of the FKS1 DNA or protein. The term "functional 
derivative" is intended to include the "fragments," "variants," 
"degenerate variants," "analogs" "homolog" or to "chemical 
derivatives." The term "fragment" is meant to refer to any polypeptide 
subset of FKS1 protein. The term "variant" is meant to refer to a 
molecule substantially similar in structure and function to either the 
entire protein or to a fragment thereof. A molecule is "substantially 
similar" to a modified protein if both molecules have substantially 
similar structures or if both molecules possess similar biological 
activity. Therefore, if the two molecules possess substantially similar 
activity, they are considered to be variants even if the structure of one 
of the molecules is not found in the other or even if the two amino acid 
sequences are not identical. 

The term "analog" refers to a molecule substantially similar 
in function to either the entire protein or to a fragment thereof. 

"Substantial homology" or "substantial similarity", when 
referring to nucleic acids means that the segments or their 
complementary strands, when optimally aligned and compared, are 
identical with appropriate nucleotide insertions or deletions, in at least 
75% of the nucleotides. Alternatively, substantial homology exists when 
the segments will hybridize to a strand or its complement. 
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The nucleic acids claimed herein may be present in whole 
cells or in cell lysates or in a partially purified or substantially purified 
form. A nucleic acid is considered substantially purified when it is 
purified away from environmental contaminants. Thus, a nucleic acid 
sequence isolated from cells is considered to be substantially purified 
when purified from cellular components by standard methods while a 
chemically synthesized nucleic acid sequence is considered to be 
substantially purified when purified from its chemical precursors. 

Nucleic acid compositions of this invention may be derived 
from genomic DNA or cDNA, prepared by synthesis or by a 
combination of techniques. 

The natural or synthetic nucleic acids encoding the 1 ,3- 
beta-D-glucan synthase subunit of the present invention may be 
incorporated into expression vectors. Usually the expression vectors 
incorporating the 1 ,3-beta-D-glucan synthase subunit will be suitable for 
replication in a host. Examples of acceptable hosts include, but are not 
limited to, prokaryotic and eukaryotic cells. 

The phrase "recombinant expression system" as used herein 
means a substantially homogenous culture of suitable host organisms 
that stably carry a recombinant expression vector. Examples of suitable 
hosts include, but are not limited to, bacteria, yeast, fiingi, insect cells, 
plant cells and mammalian cells. Generally, cells of the expression 
system are the progeny of a single ancestral transformed cell. 

The cloned 1 ,3-beta-D-glucan synthase subunit DNA 
obtained through the methods described herein may be recombinantly 
expressed by molecular cloning into an expression vector containing a 
suitable promoter and other appropriate transcription regulatory 
elements, and transferred into prokaryotic or eukaryotic host cells to 
produce recombinant 1 ,3-beta-D-glucan synthase subunit using standard 
methods. 

Expression vectors are defined herein as DNA sequences 
that are required for the transcription of cloned copies of genes and the 
translation of their mRNAs in an appropriate host. Such vectors can be 
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used to express eukaryotic genes in a variety of hosts such as bacteria, 
bluegreen algae, plant cells, insect cells, fungal cells and animal cells. 

Specifically designed vectors allow the shuttling of DNA 
between hosts such as bacteria-yeast or bacteria-animal cells or bacteria- 
fungi or bacteria-invertebrate cells. An appropriately constructed 
expression vector should contain: an origin of replication for 
autonomous replication in host cells, selectable markers, a limited 
number of useful restriction enzyme sites, a potential for high copy 
number, and active promoters, A promoter is defined as a DNA 
sequence that directs RNA polymerase to bind to DNA and initiate RNA 
synthesis. A strong promoter is one which causes mRNAs to be 
initiated at high frequency. Expression vectors may include, but are not 
limited to, cloning vectors, modified cloning vectors, specifically 
designed plasmids or viruses. 

A variety of mammalian expression vectors may be used to 
express recombinant 1 ,3-beta-D-glucan synthase subunit in mammalian 
cells. Commercially available mammalian expression vectors which 
may be suitable for recombinant 1,3-beta-D-glucan synthase subunit 
expression, include but are not limited to, pcDNA3 (Invitrogen), 
pMClneo (Stratagene), pXTl (Stratagene), pSG5 (Stratagene), EBO- 
pSV2-neo (ATCC 37593) pBPV-l(8-2) (ATCG 37110), pdBPV- 
MMTneo (342-12) (ATCC 37224), pRSVgpt (ATCC 37199), pRSVneo 
(ATCC 37198), pSV2-dhfr (ATCC 37146), pUCTag (ATCC 37460), 
and XZD35 (ATCC 37565). 

A variety of bacterial expression vectors may be used to 
express recombinant 1,3-beta-D-glucan synthase subunit in bacterial 
cells. Commercially available bacterial expression vectors which may 
be suitable for recombinant 1 ,3-beta-D-glucan synthase subunit 
expression include, but are not limited to pETlla (Novagen), lambda 
gtl 1 (Invitrogen), pcDNAII (Invitrogen), pKK223-3 (Pharmacia). 

A variety of fungal cell expression vectors may be used to 
express recombinant 1 ,3-beta-D-glucan synthase subunit in fungal cells. 
Commercially available fungal cell expression vectors which may be 
suitable for recombinant modified 1 ,3-beta-D-glucan synthase subunit 
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expression include but are not limited to pYES2 (Invitrogen), Pichia 
expression vector (Invitrogen). 

A variety of insect cell expression vectors may be used to 
express recombinant 1,3-beta-D-glucan synthase subunit in insect cells. 
Commercially available insect cell expression vectors which may be 
suitable for recombinant expression of 1 ,3-beta-D-glucan synthase 
subunit include but are not limited to pBlue Bac III (Invitrogen), as well 
aspAcUWl andpAc5Gl (PharMingen). 

An expression vector containing DNA encoding 1,3-beta- 
D-glucan synthase subunit may be used for expression of modified 1,3- 
beta-D-glucan synthase subunit in a recombinant host cell. Recombinant 
host cells may be prokaryotic or eukaryotic, including but not limited to 
bacteria such as E. coH, fungal cells such as yeast, mammalian cells 
including but not limited to cell lines of human, bovine, porcine, 
monkey and rodent origin, and insect cells including but not limited to 
Drosophila and silkworm derived cell lines. Cell lines derived from 
mammalian species which may be suitable and which are commercially 
available, include but are not limited to, L cells L-M(TK") (ATCC CCL 
1.3), L cells L-M (ATCC CCL 1.2), 293 (ATCC CRL 1573), Raji 
(ATCC CCL 86), CV-1 (ATCC CCL 70), COS-1 (ATCC CRL 1650), 
COS-7 (ATCC CRL 1651), CHO-K1 (ATCC CCL 61), 3T3 (ATCC 
CCL 92), NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2), C127I 
(ATCC CRL 1616), BS-C-1 (ATCC CCL 26) and MRC-5 (ATCC CCL 
171). 

The expression vector may be introduced into host cells via 
any one of a number of techniques including but not limited to 
transformation, transfection, lipofection, protoplast fusion, and 
electroporation. The expression vector-containing cells are clonally 
propagated and individually analyzed to determine whether they 
produce 1 ,3-beta-D-glucan synthase subunit. Identification of 
recombinant 1,3-beta-D-glucan synthase subunit expressing host cell 
clones may be done by several means, including but not limited to 
immunological reactivity with anti-l,3-beta-D-glucan synthase subunit 
antibodies. 



WO 95/10625 



PCT/US94/11498 



-17 - 



10 



15 



20 



25 



30 



Expression of 1,3-beta-D-glucan synthase subunit DNA 
may also be performed using in vitro produced synthetic mRN A or 
native mRNA. Synthetic mRNA or mRNA isolated from 1,3-beta-D- 
glucan synthase subunit producing cells can be efficiently translated in 
various cell-free systems, including but not limited to wheat germ 
extracts and reticulocyte extracts, as well as efficiently translated in cell 
based systems, including but not limited to microinjection into frog 
oocytes, with microinjection into frog oocytes being preferred. 

The term "substantial homology", when referring to 
polypeptides, indicates that the polypeptide or protein in question 
exhibits at least about 30% homology with the naturally occurring 
protein in question, usually at least about 65% homology. 

The 1 ,3-beta-D-glucan synthase subunit may be expressed 
in an appropriate host cell and used to discover compounds that affect 
1 ,3-beta-D-glucan synthase subunit. 

The present invention is also directed to methods for 
screening for compounds which modulate the expression of DNA or 
RNA encoding 1 ,3-beta-D-glucan synthase subunit or which 
modulate the function of 1 ,3-beta-D-glucan synthase subunit protein. 
Compounds which modulate these activities may be DNA, RNA, 
peptides, proteins, or non-proteinaceous organic molecules. 
Compounds may modulate by increasing or attenuating the 
expression of DNA or RNA encoding 1,3-beta-D-glucan synthase 
subunit or the function of 1 ,3-beta-D-glucan synthase subunit 
protein. Compounds that modulate the expression of DNA or RNA 
encoding 1 ,3-beta-D-glucan synthase subunit or the function of 
modified 1,3-beta-D-glucan synthase subunit protein may be detected 
by a variety of assays. The assay may be a simple "yes/no" assay to 
determine whether there is a change in expression or function. The 
assay may be made quantitative by comparing the expression or 
function of a test sample with the levels of expression or function in 
a standard sample. 

Kits containing 1,3-beta-D-glucan synthase subunit DNA, 
antibodies to 1,3-beta-D-glucan synthase subunit, or 1,3-beta-D-glucan 
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synthase subunit protein may be prepared. Such kits are used to detect 
DNA which hybridizes to 1,3-beta-D-glucan synthase subunit DNA or 
to detect the presence of 1 ,3-betarD-glucan synthase subunit protein or 
peptide fragments in a sample. Such characterization is useful for a 
variety of purposes including but not limited to forensic, taxonomic or 
epidemiological studies. 

The DNA molecules, RNA molecules, recombinant protein 
and antibodies of the present invention may be used to screen and 
measure levels of 1,3-beta-D-glucan synthase subunit DNA, 1,3-beta-D- 
glucan synthase subunit RNA or 1 ,3-beta-D-glucan synthase subunit 
protein. The recombinant proteins, DNA molecules, RNA molecules 
and antibodies lend themselves to the formulation of kits suitable for the 
detection and typing of 1 ,3-beta-D-glucan synthase subunit. Such a kit 
would comprise a compartmentalized carrier suitable to hold in close 
confinement at least one container. The carrier would further comprise 
reagents such as recombinant 1,3-beta-D-glucan synthase subunit protein 
or anti-modified 1,3-beta-D-glucan synthase subunit antibodies suitable 
for detecting 1 ,3-beta-D-glucan synthase subunit. The carrier may also 
contain a means for detection such as labeled antigen or enzyme 
substrates or the like. 

Pharmaceutically useful compositions comprising 
modulators of 1,3-beta-D-glucan synthase subunit activity, may be 
formulated according to known methods such as by the admixture of a 
pharmaceutically acceptable carrier. Examples of such earners and 
methods of formulation may be found in Remington's Pharmaceutical 
Sciences, To form a pharmaceutically acceptable composition suitable 
for effective administration, such compositions will contain an effective 
amount of the protein, DNA, RNA, or modulator. 

Therapeutic or diagnostic compositions of the invention are 
administered to an individual in amounts sufficient to treat or diagnose 
disorders. The effective amount may vary according to a variety of 
factors such as the individuals condition, weight, sex and age. Other 
factors include the mode of administration. 
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The pharmaceutical compositions may be provided to the 
individual by a variety of routes such as subcutaneous, topical, oral and 
intramuscular. 

The term "chemical derivative" describes a molecule that 
contains additional chemical moieties which are not normally a part of 
the base molecule. Such moieties may improve the solubility, half-life, 
absorption, etc. of the base molecule. Alternatively the moieties may 
attenuate undesirable side effects of the base molecule or decrease the 
toxicity of the base molecule. Examples of such moieties are described 
in a variety of texts, such as Remington's Pharmaceutical Sciences. 

Compounds identified according to the methods disclosed 
herein may be used alone at appropriate dosages. Alternatively, co- 
administration or sequential administration of other agents may be 

< * 

desirable. 

The present invention also has the objective of providing 
suitable topical, oral, systemic and parenteral pharmaceutical 
formulations for use in the novel methods of treatment of the present 
invention. The compositions containing compounds identified according 
to this invention as the active ingredient can be administered in a wide 
variety of therapeutic dosage forms in conventional vehicles for 
administration. For example, the compounds can be administered in 
such oral dosage forms as tablets, capsules (each including timed release 
and sustained release formulations), pills, powders, granules, elixirs, 
tinctures, solutions, suspensions, syrups and emulsions, or by injection. 
Likewise, they may also be administered in intravenous (both bolus and 
infusion), intraperitoneal, subcutaneous, topical with or without 
occlusion, or intramuscular form, all using forms known to those of 
ordinary skill in the pharmaceutical arts. 

Advantageously, compounds of the present invention may 
be administered in a single daily dose, or the total daily dosage may be 
administered in divided doses of two, three or four times daily. 
Furthermore, compounds for the present invention can be administered 
in intranasal form via topical use of suitable intranasal vehicles, or via 
transdermal routes, using those forms of transdermal skin patches well 
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known to those of ordinary skill in that art. To be administered in the 
form of a transdermal delivery system, the dosage administration will, 
of course, be continuous rather than intermittent throughout the dosage 
regimen. 

For combination treatment with more than one active 
agent, where the active agents are in separate dosage formulations, the 
active agents can be administered concurrently, or they each can be 
administered at separately staggered times. 

The dosage regimen utilizing the compounds of the present 
invention is selected in accordance with a variety of factors including 
type, species, age, weight, sex and medical condition of the patient; the 
severity of the condition to be treated; the route of administration; the 
renal and hepatic function of the patient; and the particular compound 
thereof employed. A physician or veterinarian of ordinary skill can 
readily determine and prescribe the effective amount of the drug 
required to prevent, counter or arrest the progress of the condition. 
Optimal precision in achieving concentrations of drug within the range 
that yields efficacy without toxicity requires a regimen based on the 
kinetics of the drug's availability to target sites. This involves a 
consideration of the distribution, equilibrium, and elimination of a 
drug. 

Biologically pure samples of SL cerevisiae MY2095 
(YFK007), S, cerevisiae MY2140 (R560-1C), & ceimsiafe MY2147 
(YFK532-7C),&c£iev^ (YFK798), SL ££E£visiae MY2256 

(YM0148, YFK0978), cerevisiae MY2257 (YFK1088-23B), & 
cerevisiae MY2258 (YFK1088-16D), ^cerevisiae MY2259 (YFK1087- 
20B), & cerevisiae MY2260 (YFK1087-20A), and DNA of plasmids 
pFFl 19 and pFF334 have been deposited in the permanent collection of 
the American Type Culture Collection, 12301 Parklawn Drive, 
Rockville, Maryland. 

The following examples are provided to further define the 
invention without, however, limiting the invention to the particulars of 
these examples. 
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EXAMPLE 1 

Recipes for media used in this work include, but are not 
limited to the following. 

a. YEPD medium 
fiacto Yeast Extract 10 g 

Bacto-Peptone 20 g 

Dextrose 20 g 

Distilled Water to 1 liter 
Sterilize by autoclaving. 

For solid YEPD medium, add Bacto-agar to 2% (20 grams) 
before autoclaving. 

i>. YPAD mrtivm 

Bacto Yeast Extract 10 g 

Bacto-Peptone 20 g 

Dextrose 20 g 

adenine sulfate 60-80 mg 
Distilled Water to 1 liter 
Sterilize by autoclaving. 

For solid YPAD medium, add Bacto-agar to 2% (20 
grams) before autoclaving. 

£ . YPAD/lQmMCaCl2 

Dilute 1 part sterile 1 M CaCl2 into 100 parts YPAD. 



30 



d. YP AG medium 

YPAD with glycerol (20 g/liter) in place of dextrose 
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e. SC medium 

Bacto Yeast Nitrogen Base 6.7 g 

without amino acids 

Dextrose 20 g 

Complete Amino acid powder 0.87 g 
Distilled water to 1 liter 
Sterilize by autoclaving. 

For solid SC medium, add Bacto-agar to 2% (20 grams) 
before autoclaving. 

f. Complete Amino Acid powder 



0.8 g 


Adenine 


0.8 


L-Arginine 


4.0 


L-Aspartic acid 


0.8 


L-Histidine 


1.2 


L-Isoleucine 


2.4 


L-Leucine 


1.2 


L-Lysine 


0.8 


L-Methionine 


2.0 


L-Phenylalanine 


8.0 


L-Threonine 


0.8 


L-Tryptophan 


1.2 


L-Tyrosine 


0.8 


Uracil 


6.0 


L-Valine 



Mix with a mortar and pestle. 



i 

g. Dropout powders are prepared by omitting one or more components 
from Complete Amino Acid powder. For example, Trp dropout 
powder is identical to Complete Amino Acid powder except that 
L-tryptophan is not added. 
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h. Solid SC medium containing FK506 is prepared by addition of 
FK506 to autoclaved SC medium when it had cooled to 50-52°C. The 
medium is dispensed into petri dishes and allowed to solidify. Solid SC 
medium containing L-733,560 is prepared in an analogous fashion. 

i. Tip dropout/dextrose medium 



0.87 g Trp dropout powder 

6.7 g Yeast Nitrogen Base w/o amino acids 

20 g dextrose 

1000 ml distilled water to volume. 



Adjust to pH 5.8 with 5 M KOH. 

Tip dropout plates are made with 20g/l agar. 

Sterilize by autoclaving. 

j. Uracil drppQUt/porfrtol medium 



0.87 g Uracil dropout powder 

6.7 g Yeast Nitrogen Base w/o amino acids 

20 g dextrose 

182 g sorbitol 

1000 ml distilled water to volume 



Adjust to pH 5.8 with 5 M KOH. 
Sterilize by autoclaving. 

L Uracil drppoyt/sprtrifoj agar 

Add 20 g/1 agar to uracil dropout/sorbitol medium before autoclaving. 
1. Uracil dropout/sorbitol soft agar 

Add 6 g/1 agar to uracil dropout/sorbitol medium before autoclaving. 
Hi. Trp dropout/glvcerol 

As trp dropout/dextrose but with 20g/l glycerol replacing dextrose. 



fl. LB medium and LB medium with ampicillin are prepared essentially 
according to the methods described in Maniatis (infra ). 
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Strains and DNA were isolated and handled by standard 
procedures (J. Sambrook, E.F. Fritsch, and T. Maniatis, "Molecular 
Cloning, A Laboratory Manual", second edition, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N. Y. (1989), referred to as 
Maniatis; and "Current Protocols in Molecular Biology", F.M. Ausubel 
etaL, editors, John Wiley & Sons, New York (1987), referred to as 
Current Protocols). Many of the procedures for working with 
cerevisiae are described in MD. Rose, F. Winston, and P. Hieter, 
"Methods in Yeast Genetics: a Laboratory Course Manual", Cold 
Spring Harbor Laboratory Press, Cold Spring Harbor, N. Y. (1990), 
referred to as MYG . and in C. Guthrie and G.R. Fink, editors, Methods 
in Enzvmologv . Volume 194 . "Guide to Yeast Genetics and Molecular 
Biology", Academic Press, Inc., New York (1991), referred to as GYG. 

LIST OF STRAINS 
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Strain Name 


Relevant Properties 


MY No. 


ATCC 


YFK005 


MATalpha FKS1 (wt) 


MY2094 


74059 


YFK007 


MATaFKSl(wt) 


MY2095 


74060 


YFK093 


MATa FKS1 fkr3 (506&) 


MY2088 


74055 


YFK132 


MATafksl-1 (506S) 


none 




YFK531-5A 


MATalpha fks 1-1 (506S) 


none 




YFK532-7C 


MATafksl-1 (506S) 


MY2147 




YFK532-10B 


MATafksl-1 (506S) 


none 




YFK798 


MATa fksl-l/YEp-A2B 


MY2148 




YFF2409 


MATa fks 1-5::HIS3 


none 




YFF2411 


MATafksl-6::fflS3 


none 




W303-1A 


MATa FKS1 (wt) 


MY2141 




W303-1B 


MATalpha FKS1 (wt) 


none 




R560-1C 


MATa fks 1-2 (560^) 


MY2140 




X2180-1A 


MATa FKS1 (wt) 


MY2136 




MS10 


MATafksl-3(560R) 


MY2144 




MS 14 


MATa fks 1-4 (560^, nik?) 


MY2145 
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MATa fksl-4 (560R nikS) 
MATalpha FKSl(wt) 

PLASMIDS 



none 
none 



Plasmid Description 



Source of cloned DNA 
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pFF119 
pJAM54 

pMSlO 

pFF250 

pFF334 



FKS1 clone in YCp50 
FKS1 clone in YEp24 

FKS1 clone in YCp50 

1.7-kb Bgffl-Pstl FKS2 fragment 

10-kb EcoRI FKS2 fragment 



GRF88 

YFK093 

GRF88 

YFK007 

S288C 



Additional strains and plasmids are shown in the figures. 

EXAMPLE 2 

Liquid broth microdilution assay 

To quantitate the sensitivity of a particular strain of S. 
cerevisiae to a compound such as FK506, L-733,560, or nikkomycin Z, 
the following procedure was followed: 

Davl : 

Inoculate the strain(s) into 2 ml of SC medium or SC 
medium substituting a particular dropout powder if selection for an 
auxotrophic marker (e.g., ura3, his4, etc.) is required. Grow overnight 
at 30°C with gentle agitation. 

Day 2 : 

Subculture 20 mcL of each overnight strain into 2 ml of 
fresh medium; incubate for 4-6 h at 30°C. 

Seed a sterile flat bottom 96-well, twelve column microtiter 
plate with 75 mcL of SD or SD dropout medium in columns 2 through 
12. In column 1, seed 150 mcL of the medium. 

Dissolve drug of interest at 4X the desired initial 
concentration. For L-733,560, a 64 mcg/ml solution in sterile SD is 
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prepared. Aliquot 75 mcL of the drug suspension into column 3. Using 
a multichannel pipettor, transfer 75 mcL from column 3 into column 4, 
pipet up and down three times to mix, and then transfer 75 mcL from 
column 4 into column 5. Repeat the serial dilution until column 12 is 
reached; after mixing, discard 75 mcL to waste. 

Label 5 ml sterile tubes with each strain to be tested. 
Aliquot 2 ml of the appropriate media into each tube. Read the A600 of 

the strains, and dilute the cultures such that the final OD will be 
0.0014. For example, if the A600 of a strain is 0.7041, subculture 4 
mcL into 2 ml of the media. 

Inoculate each strain in a given row by adding 75 mcL of 
the inoculum into columns 2 to 12. Do not add cells to column 1, as 
column 1 is the blank. Column 2 serves as the no-drug or 100% growth 
control. The plate is then incubated overnight at 30°C without shaking. 



After approximately 24 hours of incubation, gently agitate 
the plate to resuspend the cells and read the absorbance at 600nm 
wavelength. The % control growth for any given well can be calculated 
by dividing the absorbance value for that well by the value from column 
2 in the same row. If this is done for each column, the data can be 
plotted as "Percent control growth" vs. "Drug concentration". The 
resulting dose-response curve can be used to compare the drug 
sensitivities of various strains. 

EXAMPLE 3 



Isolation of YFK132. an fksl-1 mutant 

cerevisiae YFK132 was isolated from S. cerevisiae strain 
YFK007 (wild-type; MY2095; ATCC 74060) by standard ethylmethane- 
sulfonate (EMS) mutagenesis procedures (Sherman £t al., 1986 in 
"Laboratory course manual for methods in yeast genetics", Cold Spring 
Harbor Press). Parental strain YFK007 is sensitive to about 50 mcg/ml 
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of FK506 and is insensitive to 100 mcg/ml CsA. Mutant strain YFK132 
is hypersensitive to FK506. 

YFK007 was grown overnight in 25 ml of YEPD at 30°C. 
The cells were harvested by centrifugation, and resuspended in 10 ml of 
0.05 M potassium phosphate buffer (pH 7) at a density of 3 x 10& 
cells/ml. The cell suspension was diluted to 1.24 x 10& cells/ml and 
divided into two samples 

To one sample, 0.588 ml of EMS (Sigma Cat. No, M0880) 
was added. The same volume of distilled water was added to the second 
sample as a control. Treated cell suspensions were incubated at 25°C. 
At various times, samples were removed and added to 8 ml of 5% 
sodium thiosulfate to quench the mutagenesis. Quenched cells were 
diluted in water, plated on YEPD agar and incubated at 25 °C. Cells 
from EMS-treated and untreated cultures were spread on YEPD plates 
at various dilutions, and colonies were counted to determine cell 
viability after the mutagenesis. 

YEPD plates containing mutagenized colonies were replica 
plated onto SC agar containing 0, 1 or 10 mcg/ml of FK506, and 
incubated at 25°C. Approximately 1 ,200 colonies were screened. 
Three cultures that failed to grow on SC medium + FK506 were 
identified and analyzed further. 

One of these cultures, designated YFK132, exhibited an 
FK506-hypersensitive phenotype (sensitive to 0.1 mcg/ml FK506), was 
sensitive to 10 mcg/ml CsA, and was slow growing. 

E XAMPLE 4 

Backcrossing YFK132. an fksl-1 mutant 

To determine whether the phenotypes of YFK132 were the 
result of a single mutation, tetrad analyses were performed on crosses 
between mutant and wild-type strains. 

YFK132 was crossed to the wild type strain YFK005 and a 
meiotic segregant from the resulting diploid backcrossed to YFK007 
two times to generate strains YFK531-5A, YFK532-7C, and 
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YFK532-10B. The FK506 hypersensitive and slow growth phenotypes 
of YFK132 cosegregated in all crosses, indicating that these phenotypes 
resulted from a mutation in a single gene. YFK132 is an fksl-1 mutant 
of YFK007. 

EXAMPLE 5 

t 

■ 

Testing the echinocandin sensitivity of YFK132 

The sensitivity of YFK132 to the echinocandin L-688,786 
was determined in a disc-diffusion assay. 

YFK132 and its parent (YFK007) were grown in 2.5 ml of 
liquid SC medium and diluted to 6.25 x 10? cells/ml with distilled 
water. Molten SC medium containing 2% agar (130 ml) was inoculated 
with 4 ml of diluted culture and immediately poured into 245 x 245 mm 
bioassay plates. After the medium had solidified, sterile filter discs 
containing FK506 (1, 10 and 50 meg) or L-688,786 (1, 10 and 50 meg) 
were placed on the surface of the medium and incubated at 28°C. After 
18 hours, zones of growth inhibition were measured. 

As shown in the following table, YFK132 is more sensitive 
to L-688,786 than its parent strain (YFK007). 



Amount of 


Zone Sizes (mm) 




L-688,786/disc 






(micrograms) 


YFK007 


YFK132 


1 


0 


8.4 


10 


8.7 


16.8 


50 


8.7 


18.0 
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EXAMPLE 5 

Cloning of FKS1 by complementation of fksl-1 

A- General approach 

The 1,3-beta-D-glucan synthase gene (FKS1) was cloned by 
complementation of the FK506 hypersensitive phenotype of YFK532- 
10B (MATa, ade2-101, his3-A200, Ieu2-Al, lys2-801, tipl-Al, ura3- 
52, fkslrl). The general approach to cloning genes by complementation 
of mutant phenotypes is outlined by M. D. Rose and J. R. Broach (in 
GYG, pp. 195-230). 

Library plasmid DNA was obtained from IL coli ATCC 
37415 . This library was created by M.D. Rose, £laL, (Gene , 60 . 
237-243, 1987), by inserting 10- to 20-kb Sau3AI partial-digest 
fragments of yeast genomic DNA from strain GRF88 into the yeast 
shuttle vector YCp50. 

B.. Preparation of electroporatable cells 

Cells of YFK532-10B were prepared for transformation by 
electroporation, essentially as described by D.M. Becker and L. 
Guarente, (in Guthrie and Fink, supra , pp. 182-187). Recipient cells 
were grown on agar plates containing YPAG medium supplemented 
with 0.004% adenine sulfate. Cells from a fully grown patch (1 mm X 
5 mm) were inoculated into 50 ml of YPAD-25C medium (YPAD 
supplemented with 25 mM CaCl2) in a 250 ml Erlenmeyer flask and 
incubated at 30°C on a rotary shaker (225 rpm, 2" throw). The culture 
was grown to an optical density of 1 .3 at 600 nm and transferred to a 
sterile 50-ml disposable polypropylene centrifuge tube. Cells were 
harvested by centrifugation at 3500 rpm for 5 min at 4°C in a Sorvall 
RT6000 refrigerated centrifuge. The cell pellet was resuspended with 
25 ml ice-cold sterile water by vortexing at full speed, harvested by 
centrifugation and washed again with 25 ml ice-cold sterile water. The 
cell pellet was resuspended with 10 ml ice-cold sterile 1 M sorbitol. 
The washed cell suspension was transferred to a sterile 10-ml disposable 
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polypropylene centrifuge tube, and the cells were harvested by 
centrifugation at 3500 rpm for 10 min at 4°C. The cell pellet was 
resuspended with 0. 1 ml ice-cold sterile 1 M sorbitol. 

£• Electroporation of recipient cells 

A portion (50 mcL) of the washed cell suspension was 
transferred to a sterile microftige tube. An aliquot (1 mcL containing 
ca. 500 ng) of library plasmid DNA (Bank A) was added to the cells, 
mixed gently, and incubated on ice for about 5 min. The cell suspension 
was transferred to a cold 0.2-cm sterile electroporation cuvet and pulsed 
at 1.5 kV, 25 uF, 200 ohm (BioRad Gene Pulser with Pulse Controller). 
Immediately 3 ml ice-cold sterile 1 M sorbitol was added and mixed 
gently. 

Fifteen aliquots (0.2 ml) were transferred to sterile culture 
tubes. Uracil drop-out/sorbitol soft agar (3.5 ml) containing 1 M 
sorbitol in soft (0.6%) agar at 46°C was added to each tube to form a 
mixture, and each mixture poured over a 2% agar plate made with the 
same sorbitol-containing medium, giving a total of fifteen plates. The 
procedure was repeated until 210 plates were obtained. 

The plates were incubated at 30°C. After 24 hr each plate 
was overlayered with 3 ml of uracil drop-out/sorbitol soft agar 
containing 1 mcg/ml FK506 (a 5 mg/ml stock solution of FK506 in 
ethanol was added to autoclaved medium that had been cooled to 55°C). 
The plates were incubated at 30°C for 6 more days. Cells from 
transformant colonies were purified by streaking for single colonies on 
agar plates containing uracil drop-out medium supplemented with 0.1 
mcg/ml FK506. 

Isolation of plasmid pFFl 1 9 

Colonies of the purified transfoimants were inoculated into 
1.5 ml uracil dropout medium in 16-mm culture tubes and incubated in 
a tube roller at 30°C for two days. Plasmid DNA was prepared 
essentially as described by LRiStrathern and D.R. Higgins (in Guthrie 
and Fink, supra . pp. 319-329) according to Method 1 and transformed 
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into competent E. coli strain DH1 IS (Bethesda Research Laboratories). 
Plasmid DN A was prepared from ampicillin-resistant E. coli using the 
QIAGEN-tip 500 procedure (QIAGEN Inc., Chatsworth, CA). The 
resulting plasmid was designated pFFl 19. 

The ability of pFFl 19 to complement the fksl-1 mutation 
was confirmed by spontaneous curing of the plasmid in the original 
transform ant. Curing restored the FK506 hypersensitive phenotype. 
Retransformation with pFFl 19 restored FK506 resistance. 

E. Localization of the fksl-1 Complementing DNA 

pFFl 1 9 was digested with various combinations of 
restriction endonucleases and analyzed by agarose gel electrophoresis. 
The results showed that pFFl 19 contained an insert of about 15 kb of 
DNA. 

An 1 1-kb SphI fragment from within the 15-kb region was 
transferred to the SphI site of plasmid YCplac33 [R.D. Gietz and A. 
Sugino, Gene . 24:527-534 (1988)] in both orientations giving plasmids 
pFFl 33 and pFFl 35. These plasmids were also capable of 
complementing the FK506 hypersensitive phenotype of the fksl-1 
mutation. 

Nested subclones of the cloned DNA were created by 
linearizing pFFl 33 and pFFl 35 with BamFQ, digesting partially with 
Sau3AI, and recircularizing the molecules with DNA ligase. Only two 
of the subclones (pFFl 72 and pFFl 73) were capable of complementing 
fksl-1. The complementing DNA was thus localized to a region with a 
minimum of 6.0 kb and a maximum 7.8 kb of DNA, between the first 
SphI site and the second BgUI site. 

i 

E. Identification of the fksl-1 Complementing DNA as FKS1 

An insertion-deletion allele of the fksl-1 complementing 
DNA was created in the following manner. The 8.8-kb Sphl-PstI 
fragment of pFFl 33 was inserted between the SphI and PstI sites of the 
polylinker of the IL coli vector v pGEM-5Zf (+) (Promega, Madison, WI) 
giving plasmid pFF174. The 1.3-kb BamHI-XhoI HIS3 fragment from 
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plasmid pJJ215 (J.S. Jones and L. Prakash, Yeast . £:363-366 (1990)) 
was inserted by blunt-end ligation (see Current Protocols , p. 3.5.10) 
between the two Kpnl sites of plasmid pFF174 giving plasmids pFF186 
(sense orientation) and pFF187 (antisense orientation). The 6.6-kb 
insertion-deletion fragments were excised by digestion with SstI + SphI 
and purified by agarose gel electrophoresis. The insertion-deletion 
mutation was created by one-step gene replacement (see R. Rothstein, 
GYG, pp. 281-301). This disruption was confirmed by Southern blot 
hybridization analysis of genomic DNA digested with PstI and probed 
with the 8.8-kb Sphl-PstI fragment from plasmid pFF174. The 
undisrupted parent gives a single 9.8-kb genomic fragment which 
hybridizes with the probe. A disruption mutant in which HIS3 is 
inserted in the sense orientation, for example YFF2409, gives 3.9- and 
3 .7 -kb fragments, while an antisense disruption mutant, for example 
YFF241 1, gives 4.9- and 2.7-kb fragments. A haploid strain with the 
insertion-deletion allele has phenotypes essentially identical to an fksl-1 
mutant: it is slow-growing, hypersensitive to FK506, and 
hypersensitive to L-733,560. Diploids created by crossing 
insertion-deletion haploids with fksl-1 haploids are slow-growing and 
hypersensitive to FK506 showing that the insertion-deletion mutation 
fails to complement the fksl-1 mutation. 

These results prove that the two alleles are in the same gene 
and that pFF119 carries the FKS1 gene. The insertion-deletion 
mutations are therefore referred to as fksl-5::HIS3 and fksl-6::HIS3. 

EXAMPLE 7 

Other Strains of S. cerevisiae Possess Variants of FKS1 

Southern hybridization analysis of genomic DNA isolated 
from various strains of S. cerevisiae and digested with different 
restriction enzymes revealed that some strains have a variant of FKS1 
which has a restriction map which differs slightly from that for the gene 
in GRF88. Strains with FKS1 genes with restriction maps like that for 
GRF88 (G.R. Fink) include SC347 (J. Hopper), W303-1B (R. 
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Rothstein), S288C (R.K. Mortimer), and A384A (L. Hartwell). Strains 
with ones like that for YFK007 include YPH1 (Phil Hieter), YFK005, 
YFK093, DS94 (E. Craig), and DS95 (E. Craig). 

EXAMPLE 8 

Isolation of FKS2 by cross-hybridization with FKS1 DNA. 

A 2.5-kb PstI genomic fragment crosshybridizing with the 
FKS1 probe was detected in Southern blots of genomic DNA from ±5. 
cerevisiae . This fragment was not derived from the FKS 1 region of the 
genome. When genomic DNA was digested with Bglll + PstI the 
fragment was 1,7 kb in size. Genomic DNA was isolated from strain 
YFK007, digested with BglD + PstI, and fractionated on an agarose gel. 
The region of the gel containing the crosshybridizing fragment was 
excised, and DNA was isolated using the QIAEX extraction procedure 
(Q1AGEN Inc.). The extracted DNA was inserted between sites for 
BamHI and PstI in the polylinker of the plasmid pGEM-3Zf(+), and the 
ligated DNA was transformed into strain DH1 IS (Bethesda Research 
Laboratories), Ampicillin resistant transformants were screened for the 
presence of the crosshybridizing DNA by colony hybridization 
(Maniatis, supra) . Plasmid DNA was isolated from positive clones and 
digested with Kpnl + PstI. Kpnl was used in place of BglH, since the 
Bglll site was lost during the ligation with the vector. The presence of 
a L7-kb fragment crosshybridizing with the FKS1 probe was confirmed 
by Southern blot hybridization analysis. The resulting plasmid is called 
pFF250. 

The 1 .7-kb fragment was used to screen a lambda library 
(Stratagene, cat. no. 95 1901). of yeast genomic DNA from strain S288C 
by plaque hybridization (Maniatis, supra) . DNA was isolated from 
positive clones, digested with various restriction enzymes, and analyzed 
for hybridizing fragments by Southern blot hybridization, A 10-kb 
EcoRI fragment carrying the hybridizing region was cloned into the 
EcoRI site of pBIuescript II KS{+) (Stratagene) in both orientations 
giving plasmids pFF334 and pFF336. 
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An insertion-deletion mutation of the 1 .7-kb Bglll-PstI 
DNA was created by inserting the 0.8-kb PstI TRP1 fragment from 
pJJ246 (LS. Jones and L. Prakash, Yeast , 6:363-366 (1990)) between the 
Aflll and Bbsl sites by blunt end ligation. The 2.1 -kb disruption 
fragment was excised with Pstl + KpnI. The insertion-deletion mutation 
was inserted by one-step gene replacement into the chromosome of a 
heterozygous fksl-5::HIS3/+ and homozygous trpl/trpl diploid. 
Genomic DNA from Trp + transformants was digested with Bglll + 
HindlH + Pstl. The undisrupted locus gives a 1.7-kb hybridizing 
fragment, while the insertion-deletion mutation gives 1.4- and 0.7 -kb 
fragments. 

A transformant heterozygous at the locus of the 
insertion-deletion mutation was sporulated and dissected on YPAD. 
Trp+ His" spores were viable. However, Trp + His+ spores were 
inviable. The insertion-deletion mutation thus defines a new locus 
FKS2, and the insertion-deletion mutation of this locus (fks2::TRPl) is 
synthetically lethal with fksl-5::HIS3. These results are interpreted to 
mean that the products of FKS 1 and FKS2 have overlapping functions 
and that when the function of each is inactivated, either through genetic 
disruption or by inhibition of their gene products with L-733,560, cells 
are not viable. 

EXAMPLE 9 

Construction of a plasmid DNA library containing the FKS 1 g ene 

A genomic DNA library containing the FKS 1 gene was 
constructed in the plasmid YEp24 by standard methods (Rose and 
Broach, 1 991 , Methods in Enzvmologv . 194 : 1 95-230). 

High molecular weight genomic DNA was prepared from 
yeast strain YFK093 (MY2088, ATCC 74055), partially digested with 
Sau3AI and size-fractionated over a sucrose gradient. A fraction of 
Sau3AI-digested DNA ranging from 10-15 kb was partially-filled in 
with Klenow fragment of DNA polymerase 1 using dATP and dGTP. 
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The multicopy vector (YEp24) was digested with Sail, and 
partially-filled in with Klenow fragment of DNA polymerase I using 
dCTP and dTTP. After the fill-in reactions, the DNAs were phenol 
extracted once and ethanol precipitated. Partially-filled in genomic and 
vector DNAs were ligated and transformed into HB101 cells by 
selecting for ampicillin resistance. 

Two independent libraries were generated by pooling 
clones generated by separate transformations. One library contained ca. 
34,100 transformants while the second library contained ca. 15,000 
transformants. The frequency of recombinants in these libraries was 
judged to be -95% by restriction enzyme digestions. 

EXAMPLE 10 

Isolation of R560-1C. a mutant of S. cerevisiae resistant to L-733.560 

Strain W303-1 A was transformed by the spheroplast 
method (MYG) with yeast genomic libraries obtained from D. Botstein 
(1982. Cell . 28:145-154). Transformants selected on uracil dropout 
medium were pooled and stored at -80°C in 20% glycerol. After 
determining the titer (colony forming units(CFU)/ml), aliquots of the 
stocks were spread at « 5 x 103 CFU per plate onto uracil dropout 
medium containing the semisynthetic echinocandin L-733,560 at 0.5 
mcg/ml or L25 mcg/ml. This concentration of L-733,560 is sufficient 
to select for resistant clones. Twenty-seven drug resistant colonies were 
isolated. Hie resistance phenotype of these clones was quantitated in a 
liquid MIC assay. Briefly, L-733,560 was serially diluted across the 
wells of a sterile microliter plate such that the concentration in each row 
ranged from 16 to 0.03 mcg/ml in 2-fold increments after an equal 
volume of a cell suspension in liquid uracil dropout medium was added. 
After 24 h at 30°C, plates were read in a spectrophotometer at a 
wavelength of 600 nm, and the percent of control growth in each well 
(relative to a no-drug control well) was calculated. The resulting 
dose-response curve was used to determine the resistance relative to the 
parent strain. One clone was 16-32-fold more resistant than the parent 
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strain; the others were 2 to 4 - fold more resistant. The most resistant 
clone, R560-1, was characterized further. 

Because this strain was isolated as a transformant from the 
genomic library, it was expected that resistance would be due to the 
gene residing on the plasmid contained in R560-1 . To test this, the 
strain was cured of the plasmid by selection with the 5-fluoroorotic acid 
method (MYG ). Loss of the plasmid and its resident URA3 gene 
renders cells resistant to 5-fluoroorotic acid, and the uracil auxotrophy 
was confirmed by the absence of growth on uracil dropout medium. 
Surprisingly, the drug resistance of the cured derivative (R560-1C) was 
unchanged by the loss of the plasmid. This results suggests that 
R560-1C is a spontaneous echinocandin-resistant mutant of strain 
W303-1 A. R560-1C was challenged with other beta-glucan synthase 
inhibitors such as L-688,786, L-646,991 (cilofungin), and L-687,781 
(papulacandin) in a liquid MIC assay. The results illustrate that the 
resistance phenotype is not specific to L-733,560 but also includes 
structurally related and unrelated inhibitors of 1 ,3-beta-D beta-glucan 
synthesis. To determine whether the phenotypes of R560-1C were the 
result of a single mutation, tetrad analyses were performed on diploids 
formed by crossing mutant and wild-type strains. R560-1C was mated 
to the wild type strain W303-1B, sporulated, dissected, and the 
sensitivity to L-733,560 quantitated by liquid MIC assay. Drug 
resistance segregated 2:2 in these tetrads, proving that resistance is due 
to a mutation in a single gene. This mutation is called fksl-2. 

E XAMPLg U 

Cloning the FKS1 gene by complementation of the fksl-2 mutation in 
R56Q-1C 

Using infoimation from the genetic analysis of R560-1C, a 
screen was devised to clone the wild type allele of fksl-2. When 
R560-1C was mated to the wild type strain W303-1B, the resulting 
heterozygous diploids were intermediate in sensitivity to L-733,560, 
suggesting that a single copy of the wild type FKS1 gene would make 
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the mutant more sensitive to echinocandins. By cloning a library of 
cerevisiae DNA into R560-1C, transformants could be screened for 
plasmid-dependent intermediate sensitivity to L-733,560. Broth 
microdilution and replica plating methods discriminated between 
heterozygous diploids and R560-1C at 4 mcg/ml L-733,560. 

The cerevisiae total genomic library of Example 9 was 
transformed into S. cerevisiae R560-1C by the spheroplast method 
(Maniatis, supra) . Ura + clones were selected on uracil dropout 
medium, scraped from the plates, pooled, and stored frozen at -80°C in 
20% glycerol. Aliquots of the library were plated onto uracil dropout 
medium at 200-300 CFU/plate. After incubation at 30°C for 24 h, the 
colonies on each plate were replica plated to: 1) uracil dropout medium 
plates supplemented with 4 mcg/ml L-733,560; and 2) uracil dropout 
medium plates. Putative clones were identified by poor growth on the 
drug supplemented plate and strong growth on the drug-free plate. 
Three additional tests were used to establish which potential clones were 
truly drug sensitive. In one test, putative clones were inoculated into 
liquid uracil dropout medium in mirotiter plates and grown for 24 h at 
30°C. Using a Dynatech inoculator, cells from each well were 
inoculated into: 1) uracil dropout medium supplemented with 4 mcg/ml 
L-733,560; and 2) uracil dropout medium. Growth was quantitated 
spectrophotometrically, and poor growth in drug supplemented medium 
was scored as positive. In a second test for drug resistance, colonies 
were patched directly to uracil dropout medium plates supplemented 
with 4 mcg/ml L-733,560 and scored for poor growth after 24 h at 
30°C. In the third assay, putative clones were patched to uracil dropout 
medium plates, grown for 24 h at 30°C, then replica plated to uracil 
dropout medium supplemented with lOmcg/ml L-733,560. Growth was 
scored after 24 h at 30°C. 

Nine putative clones were positive in all assays for 
intermediate drug sensitivity. One strain (S277) was nearly as sensitive 
to L-733,560 as the wild type strain. To quantitate the drug sensitivity 
of clone S277, a liquid MIC assay was performed. The drug-sensitive 
clone (S277) was significantly more sensitive than the mutant 
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(R560-1C), and nearly as sensitive as the wild type strain (W303-1A). 
To verify that the intermediate drug sensitivity of S277 was due to the 
cloned gene it contained, the plasmid was cured by the 5-fluoroorotic 
acid method. An MIC assay revealed that loss of the plasmid resulted in 
a reversal of the intermediate sensitivity to L-733,560, such that the 
plasmid-cured clone was as resistant to drug as the original resistant 
mutant (R560-1C). Finally, retransfoiming R560-1C with plasmid 
DNA isolated from S277 yielded Ura + clones which were identical to 
the original drug sensitive clone (S277) in their intermediate sensitivity 
to L-733,560. 

Plasmid DNA was isolated from the drug sensitive clone 
(S277) and transformed into IL coli by methods described in Maniatis. 
Two plasmids with different size inserts were isolated and characterized 
by restriction endonuclease mapping; one (pJAM53) had a 14 kb insert, 
and the second (pJAM54) had an 8 kb insert. Restriction mapping 
illustrated that the insert in pJAM54 was entirely contained within the 
14kb fragment of pJAM53. Both plasmids conferred intermediate 
sensitivity to L-733,560, as judged by liquid MIC assays, when they 
were introduced by transformation into strain R560-1C. 

EXAMPLE 12 

Overexpression of calcineurin in the fksl-1 mutant 

Individual phage clones containing the calcineurin genes 
were identified from a yeast genomic DNA library of strain S288C in 
lambda-DASH (Stratagene, cat. no. 943901) by hybridization to probes 
synthesized from yeast genomic DNA by PCR (Foor si Nature , 
360:682-684 (1992)). The CNA2 and CNB1 genes were mapped to 
4.3-kb Bgin and 1 .3-kb EcoRV DNA fragments within isolated phage 
clones, respectively. The CNB1 fragment was inserted into the Smal 
site of pBluescript II KS(+) in the lacZ orientation and transferred as a 
BamHI-EcoRI fragment to the TRP1 -selectable multicopy yeast shuttle 
vector YEplacll2 (Gietz & Sugino, 1988, supra ), giving plasmid 
YEp-B. The CNA2 fragment was inserted into the BamHI site of 
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YEp-B giving YEp-A2-B. This plasmid was transformed by 
electroporation into the fksl-1 strain YFK531-5A giving strain 
YFK798. 

EXAM PL E 1 3 

A. Use of YFK532-7C, an fksl-1 mutant strain, for screening for 
glupjin synthase inhibitors , . 

Strain YFK532-7C, an fksl-1 mutant, is at least a thousand 
fold more sensitive to FK506 and CsA (known calcineurin inhibitors) 
than is strain YFK007, an FKS1 wild-type strain. YFK007 and 
YFK532-7C can be used to screen for calcineurin inhibitors. 

Strain YFK532-7C is also 8-10 fold more sensitive than 
strain YFK007 to glucan synthase inhibitors of both the echinocandin 
and papulacandin classes. Therefore, these strains can be used to screen 
for glucan synthase inhibitors. 

Counter screening strains were devised for identifying 
calcineurin inhibitors. Overexpression of yeast calcineurin in the fksl-1 
mutant (strain YFK798) constitutes the most general of these. Any 
inhibitor targetting calcineurin shows either zone diameter reduction or 
a decrease in zone clarity (sometimes both). Glucan synthase inhibitors 
show neither effect and thus can be distinguished from calcineurin 
inhibitors. 

For positively identifying glucan synthase inhibitors, 
screening with strain R560-1C and its parent W303-1 A was instituted in 
a manner identical to that described for calcineurin inhibitors. 
Complete loss of a zone, or marked reduction in size, on R560-1C 
versus W303-1 A indicates a glucan synthase inhibitor. No zones are 
seen with calcineurin inhibitors using this pair of strains. 

g. Description of the laboratory procedure 

The initial screen consists of a two-plate differential zone 
size determination comparing the sensitivity of fksl-1 yeast mutant 
(YFK532-7C, hypersensitive to FK506 and CsA) to that of the FKS1 
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wild-type strain (YFK007). Each strain is grown at 28-30°C in 
YP AD/10 mM CaCl2 medium with shaking at 220 rpm (to mid or late 
log phase). The cultures are diluted 1:10 with water, and the OD values 
of the dilutions are measured at 600 nm (against a blank of YP AD/10 
mM CaCl2 similarly diluted 1:10 in water). The OD value is multiplied 
by 10 to estimate the OD of the culture. Portions (100 ml) of 
YPAD/lOmM CaCl2 medium containing 1.5% agar, equilibrated at 

45 °C in a water bath, are seeded with culture such that the final cell 
density in the agar would have an OD value of 0.015 (i ? e., 3 x 10^ cfu/ 
ml; a sample calculation is provided below). The seeded agar is poured 
into 500 cm^ Nunc plates. Once the agar plates have solidified, 10 mcL 
aliquots of samples containing test compounds, such as fermentation 
extracts, are dissolved in water, 100% methanol or ethanol, or up to 
50% DMSO and are placed on each member of the two-plate set in 1 1 
by 8 arrays. 

The plates are incubated for 48 h at 28-30°C. Diameters of the 
zones are read to the outermost edge and recorded in mm. The clarity 
of the zone is reported as clear (no designation), hazy (h), or very hazy 
(vh). Very hazy zones are best seen by viewing the plate under an 
elevated light placed between the assay dish and a dark wall. 

STANDARDS 

1. L-679,934 (FK506) Dissolve in methanol. 

2. L-644,588 (cyclosporin A) (Sandimmune) is sold in a Cremaphor 
vehicle at a concentration of 100 mg/ml. Dilutions may be made in 
50% methanol or 50% ethanol with vigorous mixing at each step. The 
cremaphor remains very cloudy in these dilutions but the cyclosporin is 
bioavailable. 

3. L-733,560 Dissolve in methanol. 

4. L-687,781 (dihydropapulacandin) Dissolve in methanol. 

5. L-636,947 (aculeacin) Dissolve in methanol. 
Store all standards at -20°C. 
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Sample calculation of inoculum dilution 

Overnight yeast cultures will have OD values ranging from 
7 to 10 (i.e., 0.7 to 1.0 for 1:10 dilutions). A culture with an OD of 8.9 
is diluted 1:593 to give a suspension with an OD of 0.015. Therefore, a 
100-ml portion of YP AD/10 mM CaCl2 agar would be inoculated with 

1 69 ml of culture. 



10 



Controls 



Primary Screen 

Zone size (mm) 



20 ng FK506 
10 meg CsA 
10 meg L733.560 
20 meg aculeacin 
20 meg papulacand 



YFK007 
(wild type) 



YFK532-7C 
(fksl-1) 



YFK798 
(fksl -1 + CN) 



15 



20 



25 



30 



lin 



none 
none 
16-18 
22-24 
20-22 



15-17 
18-20 
22-24 
27-30 
26-28 



13 vh edges 
15 vh edges 

22-24 

27-30 

26-28 



Controls 



Secondary Screen 

Zone size (mm) 



20 ng FK506 

1 0 meg CsA 

10 meg L733,560 

20 meg aculeacin 

20 meg papulacandin 



W303-1A 



R560-1C 



none 
none 
16-18 
18-22 
15-18 



none 

none 

8vh 

17-20 

14-16 



Results in primary screen 

A zone at least 2 mm larger on YFK532-7C than YFK007 
indicates the presence of either a calcineurin or glucan synthase 
inhibitor. 

A zone that is reduced or hazier on YFK798 compared that 
seen on YFK532-7C indicates that the unknown is a calcineurin 
inhibitor. 



* 
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A zone that is reduced on R560-1C compared with 
W303-1A indicates that a glucan synthase inhibitor is present. 

EXAMPLE 14 

5 

Glucan Synthase Assay 

Cell free extracts were prepared from mutant and wild type 
cells grown to logarithmic phase as previously described (Kang and 
Cabib, PNAS . ^3:5808-5812, 1986). After homogenization with glass 
beads, the unbroken cells and debris were removed by a low speed 
centrifugation (1,000 x g for 5 min). The supernatant fluids were 
centrifuged at 100,000 x g for 60 min and the pellets were washed with 
2.5 ml (per gram of wet cells) of buffer containing 0.05 M potassium 
phosphate (pH 7.5), 0.5 mM DTT, and 1.0 mM PMSF. The washed 
pellet was resuspended in the same buffer containing 5% glycerol. This 
served as the microsomal membranes source containing both chitin and 
glucan synthase enzymatic activities. The standard 1 ,3-beta-D glucan 
synthase reaction was initiated by mixing 35 meg protein in cocktail I, 
which included TEK buffer (125 mM Tris chloride, pH 7.5, 31 mM 
20 KF, and 1 mM EDTA), 25% PBS, pH 7.0, 3.31 mcM GTP-gamma-S, 
and 0.25% BSA in a total volume of 69 mcL, with cocktail II, which 
included 4 units alpha-amylase, 25 meg UDP-glucose, and 1 microCi 
UDP-^H-glucose, in a total volume of 1 1 mcL. Following 150 minutes 
of incubation at 30°C, the incorporation of UDP-l^C-glucose into 
glucan was measured after precipitation with trichloroacetic acid. 

EXAMPLE 15 

3o Chitin synthase assay 

125 meg of the above extracts were trypsin activated and 
mixed with an equal volume (50 mcL) chitin synthase reaction cocktail, 
which included 0.5 M Tris, pH 7.5, 40 mM MgCl, 320 microM 
GlcNAc, 14 C-UDP-GlcNAc substrate mix, and 0.8% digitonin. After 
30 minutes of incubation at 30°C, the incorporated ^C-glucose was 
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precipitated with 10% trichloroacetic acid, collected onto Whatman 
glass microfiber GF/A disks and counted. 

EXAMPLE 16 

Isolation of the echinocandin-resistant mutants MS 10 (MY2144) and 
MS 14 (MY21451 

MS 10 and MS 14, were isolated as echinocandin resistant 
mutants in two different experiments. 

In the first experiment, approximately 45 meg (40 mcL of 
1.12 mcg/ml solution) of the semisynthetic echinocandin L-733,560 was 
spread over the surface of each of four plates containing YNBD solid 
medium (YNBD medium is the same as the SC medium but lacking 
amino acids). The solution was allowed to air-dry before 1x10^ cells 
of the S. cerevisiae strain X2180-1A freshly grown overnight on YNBD 
broth was plated onto each plate. Following growth at 28°C for four 
days, three colonies capable of growth in presence of L-733,560 were 
picked as echinocandin-resistant mutants. One of those mutants was 
designated MS 14. 

The second experiment was performed as described above 
with the following modifications: The concentration of L-733,560 used 
was approximately 22.5 meg/plate. The inhibitor was added to 20 ml of 
YNBD media that had been melted and then cooled to 50 9 C. Four plates 
prepared; then 1x10^ cells of S. cerevisiae strain X2180-1A was 
spread over the surface of each plate. Following growth at 28 °C for 4 
days, 12 resistant colonies were isolated. One of those mutants was 
designated MS 10. 

Based on these experiments the mutation frequency of the 

mutant MS14 is L3xlO"6, while the mutation frequency of the mutant 
MSI 0 is 3xl0A 



WO 95/10625 



PCT/US94/11498 



-44 - 



10 



15 



20 



25 



30 



EXAMPLE 17 

Characterization of MS10 and MS 14 Mutants 

MS 10 and MS 14 did not exhibit multiple drug resistance 
when tested against a panel of more than 30 inhibitors affecting cell 
wall, membrane, sterol, and protein synthesis. Cells of the yeast strains 
MY2144 and MY 2145 carrying the respective MS10 and MS14 
mutations were grown overnight in YPAD and SC media. From the 
overnight cultures, cells were diluted 1 :10 in the same media and 
allowed to further grow for 4-6 hrs. The drug resistance/sensitivity 
tests were conducted by the disc diffusion assay on plates containing 20 
ml of solid YPAD or SC media and 3 x 10^ cells. The cells were added 
to premelted media that was cooled to 50°C before pouring onto plates. 
Sterile filter discs containing different drugs were placed on the surface 
of the plates followed by incubation at 28°C for 1-2 days. Sizes of the 
zones of growth inhibition were measured as an indication of relative 
drug resistance/sensitivity. The MS 14 mutant is supersensitive to the 
chitin synthesis inhibitor nikkomycin Z and resistant to the echinocandin 
L-733-560. 

The dominance/recessiveness relationships of the mutations 
in MS 10 and MS 14 were determined by comparing the drug resistance 
phenotype of haploid and diploid cells using both the disc diffusion and 
the broth microdilution assays. The results of those assays show that the 
nikkomycin Z-supersensitivity of the MS 14 cells is recessive while the 
echinocandin-resistance phenotype is semi-dominant. In contrast, the 
echinocandin-resistance phenotype of the MS 10 cells is dominant . 

The data in the following table are the minimum 
concentration of the various drugs required to inhibit the growth of 
each the mutants and their parent X21 80-1 A. 
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MIC 

Strain L-733,560 Papulacandin Nikkomycin Z 





(uM) 


(mcg/ml) 


(mcg/ml) 


X2180-1A 


0.045 


5.5 


>ioo 


MY2144 (fks 1-3) 


0.75 


15 


>100 


MY2145 


2.0 


5.5 


0.2 
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EXAMPLE 18 

Mutant glucan and chitin synthesis enzymatic activities 

Crude enzyme preparations associated with cell membranes 
were tested for glucan and chitin synthesis activities. The sensitivity of 
the mutant 1,3-beta-D glucan synthase to L-733,560 and papulacandin 
was tested along with the sensitivity of the chitin synthases to 
nikkomycin Z. 

Results of these experiments revealed that both MS 10 and 
MS 14 have normal levels of 1,3-beta-D glucan synthase that are highly 
resistant to L-733,560 but only marginally resistant to papulacandin. 
The chitin synthase is not affected in its sensitivity to nikkomycin Z. 
The data in the following table show the ICsos for the glucan synthase 

inhibitors (L-733,560 and papulacandin) and the chitin synthase 
inhibitor (nikkomycin Z) in 1 ,3-beta-D glucan synthase and chitin 
synthase assays, respectively. Equal amounts of membrane proteins 
were used to prime each reaction. 

IC50 

Strain L-733,560 Papulacandin Nikkomycin Z 



X2180-1A 
MY2144 (fks 1-3) 
MY2145 (fks 1-4) 



(uM) 


(mcg/ml) 


(mcg/ml) 


6.1 


5.08 


0.74 


38.0 


11.1 


0.60 


65.0 


11.5 


0.64 
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EX AMPLE 19 

Cloning of a gene complementing nikkomycin Z supersensitivity. 

A genetic cross was set up between MS 14 
(echinocandin-resistant and nikkomycin Z-sensitive) and the wild-type 
strain GG100-14D (echinocandin-sensitive and nikkomycin Z-resistant). 
The resultant diploid cells were sporulated and tetrads were dissected 
followed by phenotypic and drug resistance analysis of the meiotic 
segregants. The results demonstrated that the two phenotypes of 

* 

echinocandin-resi stance and nikkomycin Z supersensitivity co-segregate, 
suggesting a single gene mutation is responsible for the two phenotypes. 

The strain D 1 -22C is a meiotic segregant from the above 
cross. This strain is echinocandin-resistant, nikkomycin 
Z-supersensitive and Ura~. Cells of strain D1-22C were transformed 
with the yeast DNA genomic library constructed in the 
centromere-based vector YCp50 (M. Rose sial-, Gene . £Q:237-243, 
1987). This is the same DNA library that was used in Example 6. 
Double selection for uracil-prototrophy and nikkomycin 
Z-supersensitivity was conducted by plating the transformants on Ura 
dropout plates containing 75 mcg/ml of nikkomycin Z. Only colonies 
that can grow in absence of uracil and in the presence of nikkomycin Z 
will grow. Hence, this assay selected for transfoimants that have 
received the recombinant plasmids carrying DNA fragments capable of 
complementing the nikkomycin Z supersensitivity phenotype. Out of 20 
uracil-prototrophic nikkomycin Z-resistant colonies isolated by this 
scheme, 3 clones were also sensitive to the echinocandin L-733,560. 
One of those three transfoimants is the strain designated 9-3B an 
contains a plasmid with the complementing gene. The plasmid in this 
strain was designated pMS14 since it complements the MS 14 phenotypes 
in the transformed mutant cells (strain D1-22C). The pMS14 plasmid 
was rescued from the yeast cells (clone 9-3B), propagated in £. £qH and 
retransformed into strain D1-22C. Three transformants were tested for 
resistance/sensitivity to L-733,560 and nikkomycin Z by the broth 
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microdilution assay. In the 3 transformants tested, the echinocandin- 
resistance and the nikkomycin Z sensitivity, were reversed. 

EXAMPLE 20 

Allelism relationship between the mutations in MS 10 and MS 14 

A uracil auxotroph carrying the echinocandin-resistance 
mutation from MS 10 was constructed by crossing MS 10 with 
GG100-14D. An echinocandin-resistant meiotic segregant was 
transformed with the single copy recombinant plasmid pMS14 and 
transformants were tested for susceptibility to echinocandins by the 
broth microdilution assay. AH three transformants tested showed 
sensitivity to L-733,560. In contrast, mutant cells transformed with the 
control plasmid YCp50 remained echinocandin-resistant. Thus, the 
recombinant plasmid pMS14, complementing both the echinocandin 
resistance and nikkomycin sensitivity phenotypes of the mutation from 
MS 14 also complements the echinocandin resistant phenotype of MS 10. 
This result suggests that the two mutations represent two different 
alleles of the same gene. 

EXAMPLE 21 

A. pJAM54 complements the mutations from MS 10 and MS 14 

Yeast cells containing the mutations from either MS 10 or 
MS 14 were transformed with the multiple copy plasmid pJAM54 
(containing FKS1). Like pMS14, pJAM54 complemented the two 
phenotypes of echinocandin resistance and nikkomycin sensitivity caused 
by the mutation from MS 14. pJAM54 also complements the 
echinocandin resistance phenotype of strain MS 10. 

B. Cross-hvbridization between pMS14 and pJAM54 

The plasmid pJAM54 (a multicopy plasmid containing 
FKS1) and the single copy plasmid pMS14 were digested with 
restriction enzymes and analyzed by Southern hybridization analysis 
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using an FKS 1 internal fragment as a hybridization probe. Both 
Southern and restriction enzyme analysis showed that pJAM54 and 
pMS14 contain the same gene, namely FKSL The mutation in MS 10 is 
therefore referred to as fksl-3, and the mutation in MS 14 is referred to 
asfksl-4. 

EXAMPLE 22 

Isolation of FKS 1 and FKS2 homologs from Crvptococcus neoformans 

To determine whether FKS1 homologs exist in the £L 
neoformans B-3502 chromosome, a sample of total genomic DNA from 
this strain was digested with HindlD, and fragments were separated on a 
0.8% agarose gel. The gel was probed with the AflllOChoI fragment 
from pJAM54 by the method of Southern, and washed under high 
stringency conditions. A fragment approximately 15 kb in length was 
visible on the autoradiogram. Most likely, this fragment contains all or 
a portion of the FKS1 homolog in £L neoformans B-3502, 

Similar Southern blot hybridization experiments are 
carried out with an FKS2 fragment as the probe, 

A phagemid cDNA library of poly (A)+ RNA from £L. 
neoformans B-3502 is constructed essentially according to the method 
of Edman£tal>(1990. Mol. Cell Biol. . 10(9^:4538-45441 E. coli 
XL-IB is co-infected with the phagemid library and a helper phage 
(R408) such that approximately 500 plaques are formed per agar plate. 
Plaques are lifted to nitrocellulose and probed by standard methods, 
using a fragment of FKS1 as a probe. After washing, filters are 
exposed to film, and the autoradiograph is used to identify specific 
phagemid clones which hybridize with FKSl. Plasmid DNA is then 
isolated from the cDNA transfectants, propagated, and analyzed by 
digestion with restriction endonucleases. 

To isolate FKS2 homologs similar experiments are carried 
out with an FKS2 probe. 
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EXAMPLE 23 

Isolation of FKS1 and FKS2 homologs from Pneumocystis carinii 

Whole rat lungs from R carinii -infected male 
Sprague-Dawley rats are homogenized with a Brinkmann homogenizer 
and DNA is isolated as described (P. A. Liberator, si al- , 1992. J. Clin, 
Micro. . 2Q(H): 2968-2974). Two to five micrograms of purified DNA 
are digested with a restriction endonuclease such as EcoRI, and the 
fragments are separated on an agarose gel. DNA is transferred to a 
solid support such as nitrocellulose and probed by the method of 
Southern (Southern, E.M. 1975. J. MoL BioL . 98:503-5171 for 
fragments with homology to FKS1. By washing the blot at a reduced 
stringency, weakly homologous genes can be identified. 

Similar Southern blot hybridization experiments are 
carried out with an FKS2 fragment as the probe. 

The P. carinii FKS1 homologs are cloned by preparing a 
mini-library from the region of the agarose gel where the hybridizing 
fragment was visualized on the Southern blot. Following phenol:CHCl3 
extraction to remove contaminants, DNA fragments from this area of 
the gel are li gated into an appropriate plasmid vector and transformed 
into IL coli . The IL. coli clones bearing the mini-library are spread onto 
agar plates and probed for inserts homologous to FKS1 by in situ 
colony lysis. DNA from individual transformants is transferred to 
nitrocellulose, hybridized to a radiolabeled FKS1 DNA fragment, 
washed, and exposed to film. Colonies containing an insert with 
homology to FKS1 are visualized on the film; plasmid DNA is then 
isolated from positive clones, propagated, and analyzed. DNA sequence 
analysis by standard methods is used to establish the extent of homology 
to FKS1, and functional homology may be demonstrated by expression 
in ^ cerevisiae disrupted for FKS 1 . 

To isolate FKS2 homologs similar experiments are carried 
out with an FKS2 probe. 
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EXAMPLE 24 

A. Cloning of Aspergillus homologs of FKS1 and FKS2 

Genomic DNA was isolated from A^ nidulans FGSCA4, 
also known as the Glasgow wild-type, and A*, nidulans MF5668 by 
methods known to the art (Tang gt aL, (1992) Mol Microbiol. . 
6:1663-1671). The chromosomal DNA was cut to completion with 
several restriction enzymes and the digested fragments of DNA were 
separated by electrophoresis. The fragments of A. fumigatus DNA 
were transferred to Zeta-Probe GT quaternary amine derivatized nylon 
membrane which is manufactured by BioRad and the fragments of At 
nidulans DNA were transferred to Nytran nylon membrane (S&S; 
Southern, (1975) J. Mol.Biol. . 2&:503-517). Duplicate blots of the A, 
nidulans DNA were prepared. All of the blots were hybridized with 
32p probes radiolabeled by random priming (Feinberg and Vogelstein 
(1983) Anal. Biochem. . 122:6-13). The probe for the A, fumigatus blot 
was a radiolabeled 1 .25-kb Sall-Clal fragment isolated from pJAM54 
which contains the FKS1 gene. One A* nidulans blot was also 
hybridized to this probe and the other Ax nidulans blot was hybridized 
to a radiolabeled 1.7-kb Kpnl-Pstl fragment from pFF250 which 
contains a portion of the FKS2 gene. The blots were hybridized 
overnight under stringent conditions and washed by stringent methods 
(Maniatis ej gLi supra V The blots were then exposed to XAR-5 film 
and developed by conventional methods (Laskey and Mills (1977) FEBS 
Letters . £2:314-316). Both probes hybridized to fragments of each 
Aspergillus DNA tested. The blots illustrate that At nidulans genomic 
DNA is homologous to both the S. cerevisiae 1 .25kb Sall-Clal fragment 
from the FKS1 gene and the 1.7-kb Kpnl-Pstl fragment from the FKS2 
gene. At fumigatus DNA is also homologous to the S. cerevisiae 1.25kb 
Sall-Clal fragment from the FKS1 gene. 

To clone the Ar nidulans homologs, two cosmid libraries of 
A. nidulans genomic DNA have been obtained from the Fungal Genetics 
Stock Center. Cosmid vectors are modified plasmids that contain "cos" 
sequences required for packaging DNA into bacteriophage lambda 
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particles (Maniatis si ai> supra ). Cosmids also contain an origin of 
replication and a drug resistance marker and can be introduced into IL 
coli by standard transformation procedures and propagated as plasmids. 
Cos sequences enable 35- to 45-kb fragments of foreign DNA that are 
ligated to the vector to be packaged into lambda particles and to 
subsequently circularize upon infection of E. coli . Two complete 
cosmid libraries were constructed in the vectors LORIST2 and pWE15 
by Brody slal. t (Nucleic Acids Research , 12:3105-3109). Cosmid 
pWE15 contains a CoIEl origin of replication whereas LORIST2 
contains a bacteriophage lambda origin of replication. DNA sequences 
that are unstable in one vector are often stable in the other (Evans e£ al„ 
(1987). Methods in EnzymoL Berger and Kimmel Eds. Academic 
Press, New York. Vol. 152:604-610). Clones from the cosmid libraries 
are transferred to Nytran membranes and screened by methods known 
to the art (Maniatis fitaL)- The probes are the fragments from the 
FKS1 and FKS2 genes described above. If FKS1 and FKS2 homologs 
are absent from the cosmid libraries or the sequences are unstable, 
additional libraries are screened. If the homologs are absent from 
preexisting libraries or if only part of the gene is isolated, an A, 
nidulans genomic Sau3AI partial library is constructed in the Stratagene 
Vector Lambda Dash using a cloning kit obtained from the 
manufacturer and methods of the art (Maniatis). 

Similar methodology is used to clone the A* fumigates 
homologs of FKS1 and FKS2. 

B . Isolation of nidulans homolog (fksA) of £L cerevisiae FKS 1 

and FKS2 by cross hybridization , 

fksA is the designation for an Aspergillus nidulans homolog 
of FKS 1 and FKS2. Homology at the DNA level was demonstrated 
between the £L cerevisiae FKS1 and FKS2 genes and genomic DNA of 
A, nidulans . This homology forms the basis of a strategy to clone 

Aspergillus homologs. 

An nidulans genomic library constructed in the 
Stratagene cosmid vector p\VEf5 (Brody £lal, 1991, Nucleic Acids 
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Research . 1 9:3 1 05-3 1 09) was obtained from the Fungal Genetics Stock 
Center. This cosmid library consists of 2,832 individual cosmid 
containing |L coli transformants divided amongst 30 microtiter plates. 
One thousand four hundred eighty-eight transformants were transferred 
to Zeta-Probe GT quaternary amine derivatized nylon membranes 
(manufactured by BioRad) as colony blots. 

The colony blots of the microtiter plates (96 colonies/plate; 
1 blot/plate) were made as follows: individual cosmids were grown in 
LB broth (Maniatis, supra) in microtiter dishes overnight and were 
subsequently inoculated onto LB agar containing 50 micrograms per ml 
ampicillin. After seven hours of growth, two colony lifts were made 
from each plate and the filters were transferred to fresh plates. The 
colonies were grown an additional four hours and fixed to the filters. 
The filters were treated with 0.5 N NaOH, neutralized with 1 M Tris pH 
7.5/L5 M NaCl, washed in 1 M Tris pH 7.5/1.5 M NaCl/0.2% SDS, and 
washed again in 1 M Tris pH 7.5/1.5 M NaCl. Duplicate blots were 
hybridized with a radiolabeled (32p) 4.0 kb Kpnl FKS1 fragment 
isolated from pJAM54 and a 1 .7kb Pstl-KpnJ fragment isolated from 
pFF250. All 32p probes were radiolabeled by random priming 
(Feinberg and Vogelstein (1983) Anal. Biochem . 122:6-13). The blots 
were hybridized using conditions recommended for Zeta membranes by 
the manufacturer Biorad. One colony was initially detected with only 
theFKS2 probe. This cosmid was designated pGSl, and hybridization 
to the FKS1 and FKS2 genes was subsequently confirmed by DNA slot 
blot analysis with purified cosmid DNA. Cosmid DNA was isolated 
from cultures grown for ten hours in LB medium and purified with a 
Qiagen plasmid maxi kit. Duplicate DNA slot blots were prepared by 
applying 1 .5 micrograms of each sample to a Zeta-Probe GT quaternary 
amine derivatized nylon membrane (BioRad) with a Minifold II slot blot 
apparatus according to the directions of the manufacturer (Schleicher 
and Schuell). The samples were pGSl DNA, vector pWE15 DNA, and 
DNA from a nonhybridizing cosmid. The slot blots were hybridized as 
described for the colony blots. Both the FKS1 and FKS2 probes 
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hybridized specifically to the pGSl DNA, and not to DNA from cosmid 
vector pWE15 or DNA isolated from a nqnhybridizing colony. 

The insert of cosmid pGSl was estimated to be ~30kb by 
restriction endonuclease digestion and agarose gel electrophoresis and 
was released from the vector by digestion with either NotI or EcoRI. 
Specific restriction fragments from pGSl with homology to FKS2 were 
identified by Southern blot hybridization using the same hybridization 
conditions. An 1 1 .0 kb EcoRI fragment that hybridized to FKS2 was 
subcloned into vector Bluescript (Stratagene) to construct subclone 
pGS3. A restriction map was deteraiined by restriction endonuclease 
digestion and agarose gel electrophoresis of the restriction fragments 
and is shown in Figure 3. The region of pGS3 homologous to FKS2 
was localized by Southern hybridization of blots of restriction 
fragments to the FKS2 probe. The 568 bp Pstl-EcoRV fragment was 
determined to be internal to the hybridizing region and specific for 
fksA based on the following evidence: the Ukb PstI fragment 
bordering on the left and the 2.4kb EcoRV fragment bordering on the 
right hybridized to FKS2. 

As some genomic libraries contain rearranged genes or 
DNA resulting from ligation of noncontiguous restriction fragments, 
Southern blot hybridization with the cerevisiae FKS2 gene and a 
homologous probe was performed to determine if cosmid pGS 1 and its 
derivative, pGS3, were colinear with the A. nidulans genome. The 
homologous probe was the 568 bp fksA specific Pstl-EcoRV fragment 
isolated from pGS2. Plasmid pGS2 was constructed by subcloning a 
6.0kb Sail fragment of pGSl into Bluescript (Stratagene). A* nidulans 
genomic DNA was digested with Sail, EcoRI, EcoRV, Kpnl, and 
EcoRI/SstH The hybridization data indicated that the appropriate-sized 
restriction fragments of genomic DNA were found for enzymes 
proximal to the EcoRV site of the internal Pstl-EcoRV fragment, but 
restriction fragments of genomic DNA corresponding to restriction sites 
distal of this EcoRV site were not found. Cosmid pGSl and its 
derivative pGS3 are colinear with the A^ nidulans genome from the left- 
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hand EcoRI site to the second EcoRV site of the restriction map of 
pGS3 shown in Figure 3. 

To ensure isolation of a cosmid clone containing the entire 

nidulans fksA gene, another library was screened. An A* nidulans 
cosmid library constructed in vector pLORIST2 (Brody £lal> 1991, 
Nucleic Acids Research . 19:3105-3109) was obtained from the Fungal 
Genetics Stock Center, The library was screened exactly as described 
for the isolation of pGSl, except that the probe was the A- nidulans 
internal 568bp Pstl-EcoRV fragment. One cosmid clone, pllG12, out 
of 2880 cosmids screened, hybridized strongly with the probe. DNA 
slot blot analysis with purified cosmid DNA confirmed hybridization to 
the A,, nidulans homologous probe as well as to the FKS2 probe. The 
homologous probe was the 568 bp Pstl-EcoRV fragment isolated from 
pGS4. Plasmid pGS4 was constructed by subcloning the 568p Pstl- 
EcoRV fragment of pGS3 into Bluescript. Colinearity of pi 1G12 with 

nidulans genomic DNA was determined by Southern blot 
hybridization with the FKS2 probe. The restriction enzymes tested 
were EcoRV-figlH, EcoRV-Kpnl, EcoRV-Sall, PstI, Spel, and XbaL 
The restriction fragments obtained with pllG12 coiresponded to those 
obtained with nidulans genomic DNA* The data indicated that the 
568 bp Pstl-EcoRV fragment specific for fksA is flanked on each side 
by ~7.0kb of DNA that is colinear with the genome. An 1 1.0 kb Xbal 
fragment of pi 1G12 that hybridized to FKS2 and is colinear with the 
genome was subcloned into Bluescript to construct pGS6. A restriction 
map was determined by restriction endonuclease digestion and agarose 
gel electrophoresis of the restriction fragments and is shown in Figure 

DNA sequence was determined either manually by the 
method of Sanger et &l, fProc.Natl Acad T Sci. . 24:5463) using a 
"Sequenase" kit manufactured by United States Biochemical or using the 
Applied Biosystems Model 373 A DNA Sequencing System with a 
"Prism Ready Reaction DyeDeoxy Terminator Cycle Sequencing Kit". 
Template DNA was obtained from the following plasmids: pGS4, pGS7, 
pGS6, pGS15, pGS16, pGS17, pGS18, pGS19, pGS20, and pGS21. 
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Plasmid pGS7 was constructed by subcloning the 1 1.0 kb Xbal insert of 
pGS6 into pBR322. The 3.6 kb Kpnl fragment and the 2.2 kb Xhol 
fragment of pGS6 were subcloned into pGEM7 to construct pGS15 and 
pGS16, respectively. A set of nested deletions was constructed in 
pGS15 by partial Sau3A digestion using a method described by Gewain 
£laL (1992, fiese, H2:149). Briefly, plasmid pGS15 was linearized 
with BamHI which is in the multicloning site of the vector and the DNA 
was precipitated and ^suspended. One microgram aliquots in 15 
microliter reaction mixtures were subjected to partial digestion in IX 
Sau3A buffer (New England Biolabs). The enzyme was diluted to 0.75 
units/mi croliter in storage buffer (50 mM KC1, 10 mM TrisHCl, pH 
7.4, 0.1 mM EDTA, 1 mM DTT, 200 mg/ml BSA, 50% glycerol) and 
serially diluted two-fold in storage buffer eight more times. One 
microliter of each dilution as well as the undiluted control was added to 
each tube containing 14 microliters and the mixture was incubated at 
37°C for 30 minutes. Reactions were terminated by the addition of 3.4 
microliters of stop buffer containing 50 mM EDTA and heated at 65°C 
for 20 minutes. The DNA was subjected to electrophoresis and 
fragments of the appropriate sizes were gel purified with a Qiagen 
Qiaquick protocol. The fragments were quantitiated and religated with 
25 ng of DNA per five microliter ligation reaction. The ligations 
containing the four largest fragments were precipitated and digested 
with Csp451 in five microliter reactions. The Csp451 site is between 
the BamHI and the Kpnl site of the vector. This digestion was necessary 
to eliminate any contaminating fragments that did not contain a deletion. 
All of the DNA samples were transformed into DH5a F'lQ, and the 
appropriate recombinants were identified by restriction endonuclease 
digestion. The deletions contained in plasmids pGS17, pGS18, pGS19, 
pGS20 and pGS21 are shown in Figure 4. 

Sequencing of the 568 bp Pstl-EcoRV insert of pGS4 was 
initiated in both directions using KS and SK sequencing primers which 
bind to the vector (Stratagene). The fksA sequence was used to design 
primers to extend the sequence in both directions for each strand of the 
insert. Primers to each end of the sequence of the 568 bp insert of 
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pGS4 were made and used to extend the fksA sequence with pGS7 as 
template. This information was used to design primers to extend the 
sequence in both directions using DNA from pGS15 and pGS16 as 
template. Additional 3' sequence was obtained with plasmids pGS 17, 
pGS 1 8, pGSl 9, pGS20, and pGS21 which contain the nested deletions. 
Sequencing was initiated using an SP6 primer which binds to the vector 
(Promega) and in cases where the sequence of the plasmids did not 
overlap, a primer based on fksA sequence was used to extend the 
sequence. Primers based on fksA sequence were also used to obtain the 
sequence of the opposite strand using pGS6 as template. The sequence 
was assembled and analyzed with the University of Wisconsin Genetics 
Computer Group (GCG) sequence analysis software package. 

The DNA sequence of 2565 nucleotides of Acs A was 
determined with sequence of 1 600 nucleotides based on both strands 
(Figure 5). A putative open reading frame of 855 amino acids was 
deduced that exhibits 67% identity to S. cerevisiae FKS1 and FKS2 
proteins. The amino acid sequences were compared with the GAP™ 
(GCG) program. The region of FKS2 homologous to fksA extends 
from amino acid 943 to amino acid 1799, the latter being close to the 
carboxy terminus. The first half of the fksA putative open reading 
frame (amino acids 1-427) is most homologous to FKS2 exhibiting 82% 
identity, whereas the latter half is 53% identical. 

Localization of the fksA gene on pGS6 can be determined 
based on sequence information and transcript mapping. The portion of 
the fks A gene that has been sequenced begins 3 1 1 nucleotides to the left 
of the fourth PstI site of pGS6 as shown on the restriction map in 
Figure 4. Based on the homology obtained between the fks A gene 
product and the Saccharomyces FKS1 and FKS2 gene products, it can be 
deduced that the direction of transcription of fksA is from left to right 
on the restriction map of pGS6 shown in Figure 4. The fksA gene was 
further localized on pGS6 by transcript mapping. Total £u nidulans 
RNA was isolated by methods known to the art as described by 
Timberlake (Biol, and Mol. Biol, of Plant-Pathogen Interactions . 1986). 
The RNA was subjected to electrophoresis in 1.5% agarose, 2.2 M 
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formaldehyde, IX MOPS buffer, transferred to nytran nylon 
membranes (Schleicher and Schuell) and hybridized according to a 
protocol of Gelman Sciences (Protocol Number 6, Application 
Protocols for BioTrace Binding Matrices). Hybridization of the fksA 
specific 568 bp Pstl-EcoRV fragment of pGS4 to the gel blot detected a 
single transcript. An identical-sized transcript was detected by the two 
proximal PstI fragments of pGS6, a 1 .2kb PstI fragment and a 0.7kb 
PstI fragment, but no transcript was detected with the 1 .4 kb Pstl-Spel 
fragment of pGS3 which is 5' to the 1.2kb Pstl-PstI fragment (the 1.4 
kb Pstl-Spel fragment was isolated from pGS9 which was constructed 
by subcloning the fragment from pGS3 into Bluescript). These data 
indicate that the fks A transcript begins within the 1 .2kb Pstl-PstI 
fragment. The sequence data indicates that the fksA gene extends 
beyond the EcoRV site of pGS6. The 1.6 kb Ndel-Nhel fragment of 
pGS6 did not detect a transcript, indicating that the transcript ends 
before the Ndel site. To summarize, the fksA transcript begins within 
the 1 .2kb PstI fragment and ends between the EcoRV and second Ndel 
site of pGS6. It is possible that regulatory sequences of the fksA gene 
are located 5* of the 1 .2 kb PstI fragment. 

EX AMPLE 2 5 



Isolation of FKS homologs from phvtopathogenic fungi 

To clone FKS 1 and FKS2 homologs from phytopathogenic 
fungi such as Magnaporthe grisea and Ustilag o maydis . high molecular 
weight genomic DNA is isolated by the method described by Atkins and 
Lambowitz (Mol Cell. Biol. . 5:2272-2278), partially digested by the 
restriction enzyme, Sau3Al, and cloned into the Stratagene Vector 
Lambda-Dash using a cloning kit obtained from the manufacturer and 
methods of the art (Maniatis). The libraries are screened using probes 
from FKS1 and FKS2 essentially as described above. 
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EXAMPLE 26 

A. Isolation of the perl (fks2-P mutant 

The L-733,560 resistant mutant MY2256 (also known as 
YFK0978 and YM0148) was isolated from strain YFK0931-07B using 
standard procedures. Four congenic (fksl-1) parental strains 
(YFK093K03B, YFK0931-07B, YFK0931-10C, and YFK0932-01C) 
were used in the mutant hunt. The genotypes of the four strains are 
listed below. The strains contain plasmid pDLI which contains an ARS 
element, a centromere and the CNB 1 , SUP1 1 , and URA3 genes. 

This mutant hunt was designed to identify mutations in the 
FKS2 gene that confer echinocandin resistance. Briefly, the parental 
strains were grown overnight in 5 ml of YPADlOCa medium (YPAD 
medium containing 10 mM CaCl2) at 28°C. Cells were diluted to 1 x 
1()3 cells/ml in YPADlOCa, and aliquots (0.2 ml) of the cultures were 
dispensed into 96 individual microliter wells. The cultures were grown 
to saturation at 28 D C. Cells from five wells were diluted 1:20 and (he 
optical density at 660 nm (OD660) was determined to calculate the 
average cell density for each culture (1 OD660 = 3.3 x 10? cells/ml). 

Forty cultures of each strain were plated on YPADlOCa 
medium containing 1 mcg/ml L-733,560. In addition 20 wells of 
YFK932-1C and YFK93M0C were diluted 1:10 and 1:100 and plated 
on YPADlOCa medium containing Imcg/ml L-733,560. The plates 
were incubated at 28°C. Two colonies were picked from each drug 
plate, clonally purified on -Ura and YPAG medium and grown at 28°C 
Two independent clones from each plate were picked to master plates of 
-Ura and YPADlOCa media. The master plates were replica plated to 
standard drop-out medium, YPADlOCa medium, and to YPADlOCa 
medium containing either 1 mcg/ml of FK520, FK506, L-733,560, 10 
mg/ml Cyclosporin A, or 0.1 mcg/ml rapamycin. The plates were 
incubated at 28 °C. Temperature sensitivity was determined by replica 
plating the masters to YPAD medium and incubating the plates at 37°C. 
The plates were scored after two and three days. 



WO 95/10625 



PCT/US94/11498 



10 



15 



20 



25 



30 



-59- 



From this experiment, eighteen independent mutants that 
grew on YPADlOCa medium containing L-733,560 (1 mcg/ml) were 
identified from approximately 3.7 x 10^ cells screened, These per 
(pneumocandin resistant) mutants were resistant to L-733,560 and 
sensitive to the immunosuppressants FK506, FK520, CsA, and 
rapamycin. One of the mutants (MY2256) also possessed a temperature 
sensitive phenotype at 37°C. The sensitivities of MY2256 and its parent 
strain (YFK0931-07B) to L-733,560, FK520, FK506, CsA, and 
rapamycin were measured, and the results are shown below. As shown 
in the table below, the mutant is significantly more resistant to 
L-733,560 than its parent. MY2256 and YFK0931-07B exhibit similar 
sensitivities to the immunosuppressants tested. 

Mixed membrane fractions were prepared from MY2256 
and YFK0931-07B and the sensitivity of 1,3-beta-D-glucan synthase 
activity to L-733,560 was assayed in the partially purified membrane 
preparations using standard procedures. The specific activities of 1,3- 
beta-D-glucan synthase activity from YFK0931-07B and MY2256 were 
60 and 45 nmoles of UDP-D-[6-3H]Glucose incorporated mg-1 hr 1 . 
The IC50 of the enzyme activity from the mutant and parental strains 
were 16-24 mcM and 0.21 mcM, respectively, indicating that 1,3-beta- 
D-glucan synthase activity in MY2256 is resistant to L-733,560. 
MY2256 was further characterized. 

E XAMPLE 27 

Genetic characterization of the perl mutant 

MY2256 (MATa fksl-1 perl) was crossed to the wild type 
strain YFK0005 (MATalpha FKS1+ PCR1+) to generate strain 
YFK0996-11B. YFK0996-11B (MATa fksl-1 perl) was mated to 
YFK0688-14B (MATalpha fksl-1 PCR1+), sporulated and dissected. In 
the 29 four-spore and 1 2 three-spore tetrads from this cross, the perl 
phenotype (resistance to L-733,560) segregated 2 r :2 s indicating that the 
perl phenotype is the result of a single mutation. Strains MY2259 (also 
known as YFK1087-20B, MATalpha fksl -1 perl ) and MY2260 (also 
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known as YFK1087-20A, MATa fksl-1 perl) were generated from this 
cross. Like the original MY2256 mutant, MY2259 and MY2260 
contain the fks 1 - 1 and perl mutations. However, these strains do not 
contain plasmid pDLl that was present in the original mutant. 

YFK0996-1 IB (MATa fksl-1 perl) was also crossed to 
YFK0005 (MATalpha FKS1 PCR1). In this cross, the perl and fksl-1 
mutations segregate independently. In the 16 four-spore and 20 three- 
spore tetrads, the segregation pattern of 1 Parental Ditype : 1 Non 
Parental Ditype : 4 Tetratype tetrads is indicative of two unlinked genes. 
This cross also demonstrated that the perl phenotype is expressed in an 
FKS1 background. FKS1 perl spores are resistant to L-733,560 and the 
calcineurin inhibitors FK520, FK506, and CsA. Strains MY2257 (also 
known as YFK1088-23B, MATa FKS1+ perl), MY2258 (also known as 
YFK1088-16D, MATalpha FKS1+ perl), and YFK1088-02D (MATa 
FKS1+ perl) were segregants from this cross. As shown in the table 
below, these segregants contain the perl mutation in a wild-type FKS1 
background and lack plasmid pDLl present in the original mutant. 

To determine if the perl mutation mapped to the FKS2 
gene, YFK1088-02D (MATa perl) was crossed to YFF2720 (MATalpha 
fks2::TRPl). In the 31 four-spore and 6 three-spore tetrads from this 
cross, all segregants demonstrated the parental phenotypes of resistance 
to L-733,560 (perl) and tryptophan auxotrophy (trpl) or sensitivity to 
L-733,560 and tryptophan prototrophy (fks2::TRPl). These results 
demonstrate that the perl mutation is tightly linked to the FKS2 gene. 
In two additional crosses, YFK0996-23D (MATa perl cnbl::LYS2) was 
mated to YFF2720 (MATalpha fks2::TRPl) and to YFF2721 
(MATalpha fks2::TRPl). In the 78 tetrads tested, all of the fks2::TRPl 
spores were sensitive to L-733,560 supporting the model that the perl 
mutation maps to the FKS2 gene. Moreover, all of the cnbl ::LYS2 
spores from these crosses were sensitive to L-733,560. This would be 
expected if the mutation maps within the calcineurin-regulated FKS2 
gene. 
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ln summary, the perl mutation is a single gene, segregates 
independently of fksl-1, is expressed in an FKS1 cell, and is tightly 
linked to the FKS2 gene. Accordingly, the perl allele has been renamed 
as fks2-l. 

5 

B . Quantitating the level and spectrum of drug resistance of the 

pcrl(fks2-l) mutant , 

The sensitivities of pcrl(fks2-l) fksl-1 and pcrl(fks2-l) 
FKS1 strains to L-733,560, L-636,947 (Aculeacin), and L-687,781 
(Dihydropapulocandin) were determined in MIC assays. Briefly, strains 
were grown to stationary phase in 5.0 ml of liquid YPAD medium. 
MY2256 precultures were grown in liquid YPADlOCa. MIC assays 
were performed in flat well microtiter plates in triplicate. Each well of 
the microtiter plate was filled with 100 mcL of YPAD medium. To the 
first well, 100 mcL of a 4X solution of drug in YPAD medium was 
added. To serve as a control, a stock solution of 160 mcL DMSO per 
mcL of YPAD was made. 100 mcL of this solution was added to the 
initial well for strains grown in the presence of solvent but the absence 
of drug. Two-fold serial dilutions of the drug were performed down 
the plate. 

Cultures were diluted to 5 x 10^ cells/ml in YPAD 
(1 OD660 = 3.3 x 10? cells/ml). 100 mcL of diluted culture was added 
to each well, resuspended, and incubated at 28°C After 42 hours, 
cultures were resuspended and cells densities measured in an SLT 
Laboratories 340 ATTC microtiter plate reader. The MICs 
concentrations presented in the table below represent the concentrations 
of drug that result in less than 10% growth of the strain grown in the 
absence of drug. 
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Strain 



MIC (ng/ml) 



L- 

733, 
560 



FK506 FK520 CsA 



Rapa- 
mycin 



YFK0931-07B 30 



MY2256 4000 



30 



60 



60 



60 



5000 



5000 



TABLE 
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Tetrad Analysis of perl vs fksl-1 



Genotype/Strains 



Parental 
Ditype 



Nonparental Tetratype 
Ditype 



20 



25 



perl fksl-1 x FKS1 
YFK0996-1 IB 

x 

YFK0005 



1 



1 



10 four-spored 
14 three-spored 



6 
(6) 



6 
(6) 



24 total 
( 24 ) expected 
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TABLE 



MIC (mcg/ml) 



Genotype / Strain L-733,560 L-636,947 L-687,781 

(Aculeacin) (Dihydropapulocand 

io in) 

Wild type 0.1 1 40 
YFK0005 

l5 fksl-lPCRl 0.05 0.5 10 
YFK0688-14B 

fksl-1 pcrl(fks2-l) 4 >40 >40 

MY2256 
2 o YFK0996-11B 
MY2259 
MY2260 

FKS1 pcrl(fks2-l) 0.625 >40 >40 
25 MY2257 
MY2258 
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EXAMPLE 28 

Cloning and Expression of 1 ,3-beta-D-glucan synthase subunit cDNA 

into Bacterial Expression Vectors 

Recombinant 1 ,3-beta-D-glucan synthase subunit is 
produced in a bacterial expression system such as E. coli . The 1,3-beta- 
D-glucan synthase subunit expression cassette is transferred into an 
fL coli expression vector; expression vectors include but are not limited 
to, the pET series (Novagen). The pET vectors place 1 ,3-beta-P-glucan 
synthase subunit expression under control of the tightly regulated 
bacteriophage T7 promoter. Following transfer of this construct into 
an EL host which contains a chromosomal copy of the T7 RNA 
polymerase gene driven by the inducible lac promoter, expression of 
1 ,3-beta-D-glucan synthase subunit is induced by addition of an 
appropriate lac substrate (IPTG) is added to the culture. The levels of 
expressed 1 ,3-beta-D-glucan synthase subunit are determined by the 
assays described herein. 

EXAMPLE 29 

Cloning and Expression of 1 ,3-beta-D-glucan synthase subunit cDNA 

into a Vector for Expression in Insect Cells 

Baculovirus vectors derived from the genome of the 
AcNPV virus are designed to provide high level expression of cDNA in 
the Sf9 line of insect cells (ATCC CRL# 1711). Recombinant 
baculovirus expressing 1,3-beta-D-glucan synthase subunit cDNA is 
produced by the following standard methods (InVitrogen Maxbac 
Manual): the 1 ,3-beta-D-glucan synthase subunit cDN A constructs are 
ligated into the polyhedrin gene in a variety of baculovirus transfer 
vectors, including the pAC360 and the BlueBac vector (InVitrogen). 
Recombinant baculoviruses are generated by homologous recombination 
following co-transfection of the baculovirus transfer vector and 
linearized AcNPV genomic DNA (Kitts, P.A., Nuc. Acid. Res. . 18 , 
5667 (1990)) into Sf9 cells. Recombinant pAC360 viruses are identified 
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by the absence of inclusion bodies in infected cells and recombinant 
pBlueBac viruses are identified on the basis of J5-gaIactosidase 
expression (Summers, M.D. and Smith, G.E., Texas Agriculture Exp. 
Station Bulletin No. 1555) . Following plaque purification, 1,3-beta-D- 
glucan synthase subunit expression is measured. 

Authentic 1 ,3-beta-D-glucan synthase subunit receptor is 
found in association with the infected cells. Active 1 ,3-beta-D-glucan 
synthase subunit is extracted from infected cells by hypotonic or 
detergent lysis. 

Alternatively, the 1 ,3-beta-D-glucan synthase subunit is 
expressed in the Drosophila Schneider 2 cell line by cotransfection of 
the Schneider 2 cells with a vector containing the modified receptor 
DNA downstream and under control of an inducible metallothionin 
promoter, and a vector encoding the G418 resistant neomycin gene. 
Following growth in the presence of G41 8, resistant cells are obtained 
and induced to express 1 ,3-beta-D-glucan synthase subunit by the 
addition of G1SO4. Identification of modulators of the 1,3-beta-D- 
glucan synthase subunit is accomplished by assays using either whole 
cells or membrane preparations. 

EXAMPLE 30 

Purification of Recombinant 1 3-beta-D-glucan synthase subunit 

Recombinantly produced 1 ,3-beta-D-glucan synthase 
subunit may be purified by a variety of procedures, including but not 
limited to antibody affinity chromatography. 

Recombinant 1 ,3-beta-D-glucan synthase subunit antibody 
affinity columns are made by adding the anti-1 ,3-beta-D-glucan synthase 
subunit antibodies to Affigel-10 (Biorad), a gel support which is pre- 
activated with N-hydroxysuccinimide esters such that the antibodies 
form covalent linkages with the agarose gel bead support. The 
antibodies are then coupled to the gel via amide bonds with the spacer 
arm. The remaining activated esters are then quenched with 1 M 
ethanolamine HC1 (pH 8). The column is washed with water followed 
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by 0.23 M glycine HC1 (pH 2.6) to remove any non-conjugated antibody 
or extraneous protein. The column is then equilibrated in phosphate 
buffered saline (pH 7.3) together with appropriate membrane 
solubilizing agents such as detergents, and the cell culture supematants 
or cell extracts containing solubilized 1,3-beta-D-glucan synthase 
subunit is slowly passed through the column. The column is then 
washed with phosphate-buffered saline (PBS) supplemented with 
detergents until the optical density (A280) falls to background; then the 
protein is eluted with 0.23 M glycine-HCl (pH 2.6) supplemented with 
detergents. The purified 1,3-beta-D-glucan synthase subunit protein is 
then dialyzed against PBS. 

JEXAMPLE 31 

Cloning and Expression of 1 ,3-beta-D-glucan synthase subunit in 

Mammalian Cell System 

1 ,3-beta-D-glucan synthase subunit is cloned into a 
mammalian expression vector. The mammalian expression vector is 
used to transform a mammalian cell line to produce a recombinant 
mammalian cell line. The recombinant mammalian cell line is 
cultivated under conditions that permit expression of the 1 ,3-beta-D- 
glucan synthase subunit. The recombinant mammalian cell line or 
membranes isolated from the recombinant mammalian cell line are used 
in assays to identify compounds that bind to the recombinant 1,3-beta- 
D-glucan synthase subunit. 

EXAMPLE 32 

Screening Assay 

Recombinant cells containing DNA encoding a 1 ,3-beta-D- 
glucan synthase subunit, membranes derived from the recombinant 
cells, or recombinant 1,3-beta-D-glucan synthase subunit preparations 
derived from the cells or membranes may be used to identify 
compounds that modulate 1,3-beta-D-glucan synthase subunit activity. 
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Modulation of such activity may occur at the level of DNA, RNA, 
protein or combinations thereof. One method of identifying compounds 
that modulate 1,3-beta-D-glucan synthase subunit comprises: 

(a) mixing a test compound with a solution containing 
1,3-beta-D-glucan synthase subunit to form a 
mixture; 

(b) measuring 1 ,3-beta-D-glucan synthase subunit 
activity in the mixture; and 

(c) comparing the 1,3-beta-D-glucan synthase subunit 
activity of the mixture to a standard. 

EXAMPLE 33 

PN A SeqqenceofFK Sl 

The DNA sequence of FKS1 was determined and is shown 

in Figure 6. 

EXAMPLE 34 

Anfiino Acid Sequence of FKS 1 

The amino acid sequence of FKS 1 was determined and is 
shown in Figure 7. 

EXAM P L E 35 

DNA Sequence of FKS2 

The DNA sequence of FKS2 was determined and is shown 

in Figure 8. 

EXAM P LE 35 

Amipo Acid Sequence of EKg2 

The amino acid sequence of FKS2 was determined and is 
shown in Figure 9. 
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E XAMPLE 37 

To identify the fksl-1 mutation in strain R560-1C, gapped 
plasmids lacking a portion of the FKS1 coding sequence were prepared 
from plasmid pJAM54 by digestion with restriction enzymes (including 
but not limited to Kpnl, SstI, Bgin, Xhol) and purification by agarose 
gel electrophoresis. The gapped plasmids were purified from the gel 
using standard methods and transformed into strain R560-1C. Sixty 
Ura+ transformants selected on uracil dropout medium were patched 
onto the same medium, grown for 24 h at 30°C, then replica plated to 
uracil dropout medium supplemented with 4 |ig/ml L-733,560 and 
incubated for 2 days at 30°C. Growth of the clones on uracil-free drug- 
containing plates would suggest that: 1) the gapped plasmid was repaired 
at the ends of the gap through homologous recombination with the 
chromosome of strain R560-1C; and 2) the gap spanned the fksl-2 
mutation. In contrast, if the gap spanned a region of the chromosome 
which did not contain the fksl-2 mutation, the repaired plasmid would 
cany the intact wild-type FKS1 gene, and the transformants would be 
partially drug-sensitive. Fifty-six of the sixty clones transformed with 
the KpnI-gapped version of pJAM54 were drug resistant. Plasmid DNA 
from these clones was isolated, amplified by propagation in E. coli . and 
transformed into YLIP137, a yeast strain with an insertion - deletion in 
the chromosomal copy of FKS1 . Strain YLLP137 is phenotypically 
similar to strain YFF2409 described in Example 1, i.e., the 
chromosomal copy of FKS1 in YLEP137 has been functionally 
inactivated. The plasmid-borne copy of FKS1 is the only functional 
copy of FKS1 in these cells; if they are resistant to L-733,560, it must 
be because the plasmid carries the fksl-2 mutant version of FKSL 
Ura+ transformants of YLIP137 were selected on uracil dropout 
medium, and several clones were analyzed for susceptibility to 
L-733,560 by liquid MIC assays. All clones were as resistant to the 
drug as the original R560-1C mutant. We have designated the original 
gap-repaired plasmid carrying tlie fksl-2 mutation pJAM67. 
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The Kpnl restriction fragment from plasmid pJAM67 is 3.5 
kb in length. To identify a smaller fragment bearing the fksl-2 
mutation, the fragments of the FKSlgene in plasmid pJAM54 were 
replaced with the corresponding fragment from pJAM67 (fksl-2), 
transformed the new constructs into YLIP137, and assayed the clones 
for drug resistance using liquid MIC assays. In this manner, it was 
determined that the fksl-2 mutation was within a ca. 0.8-kb Sall-Ncol 
fragment of pJAM67. This fragment was subcloned into an coli 
plasmid suitable for DNA sequencing (pGEM3(z)f). 

The sequence of the ca. 0.8-kb Sall-Ncol fragment was 
determined using the Model XXXX Automated DNA sequencer from 
Applied Biosystems, Inc, as per the manufacturer's specifications. 
Sequence data was analyzed using the GCG software package from the 
Genetics Computing Group, Madison Wisconsin. Comparison of the 
DNA sequence of the Sall-Ncol fragment (exact length = 711 bp) from 
pJAM67 to that of FKS1 revealed a single change. At nucleotide 
position 469 of the FKS1 Sall-Ncol fragment, the base is T (thymine); 
in the fksl-2 DNA fragment, the nucleotide base at the corresponding 
position is A (adenine). When translated into protein, this change 
results in the substitution of isoleucine (Fksl-2p) for phenylalanine 
(Fkslp) at position 639 of the 1877 amino acid protein primary 
sequence. One hypothesis is that this change is responsible for the 
L-733,560 resistance of both strain R560-1C and the 1,3-b-D-glucan 
synthase activity derived from it 

EXAMPLE 38 

Total genomic DNA from Candida albicans ATCC10261 
was digested to completion with BamHI and Kpnl and separated by 
agarose gel electrophoresis using a 0.8% gel. A portion of the DNA 
fragments from the gel was transfered to a nitrocellulose filter and 
probed with a 1.25-kbSalI- Clal fragment from S. cerevisiae FKS1 by 
Southern blotting (Maniatis, supra ). A ca. 2-kb fragment of Candida 
DNA hybridized to the probe, and the fragments from the 
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corresponding region of the remainder of the gel were excised, purified 
by standard methods, and ligated into vector pGEM3(z)f (Stratagene) 
digested with BamHI and KpnI. The ligation mixture was transformed 
into competent cells of E,. coli . and plasmid-bearing transformants were 
selected on medium containing ampicillin and pooled. To identify 
clones which canied a plasmid with the 2-kb C. albicans FKS1- 
homologous DNA, aliquots of the pooled transformants were spread on 
selective medium, and colonies were transferred to nitrocellulose, lysed 
by standard methods, and probed with the [32p]-i a beled 1.25-kb Sall- 
Clal fragment isolated from pJAM54. Filters were washed under 
stringent conditions and exposed to film. Nineteen colonies appeared to 
give a positive signal on the blot. Using the original colony as a source, 
cells from each of the potential clones were grown in liquid medium 
and plasmid DNA was isolated. The DNA was digested with Kpnl and 
BamHI, and fragments separated on 0.8% agarose gels were probed 
with the radiolabeled 1.25-kb Sail- Clal fragment from pJAM54 by 
Southern blotting. Three of the nineteen plasmids contained a ca. 2-kb 
fragment which hybridized intensely with the probe. The plasmid with 
the KpnI-BamHI fragment of the C. albicans FKS1 homolog has been 
designated as pGJSl. The Candida gene gene which is homologous to 
FKS1 was designated FKSlcan. 

The nucleotide sequence of the ca. 2-kb fragment from 
pGJSl was determined using standard methods. For the first two 
sequencing reactions, denatured pGJSl DNA was annealed to the "17 
primer" and "SP6 primer" available from Stratagene. All other 
reagents, including the enzyme "Sequenase v. 2", were from U.S. 
Biochemicals and were used according to the manufacturer's 
specifications. The DNA sequence results from the first reactions were 
used to design 18-base oligonucleotide primers which were 
complementary to the "end" of the sequence from these first reactions. 
These primers were used in the next set of reactions. The process was 
continued until a contiguous protein-encoding open reading frame could 
be generated from the data from- individual sequencing reactions, using 
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the GCG analysis programs from the Genetics Computing Group 
(Madison, Wisconsin). 

The predicted peptide sequence of the £. albicans FKS 
homolog (Fksclp) was compared to the protein sequence of Fkslp from 
S. cerevisiae . Amino acids 1 through 689 of Fksclp aligned with 
residues 460 through 1 147 of Fkslp, using the GAP program of the 
Genetics Computing Group. The two peptide sequences were 79% 
identical and 88% similar to one another over this range. This 
constitutes a very high degree of homology and suggests that the two 
proteins are very likely to be functionally similar. In particular, 
phenylalanine at position 639 of Fkslp, which was identified in the 
mutant gene fksl-2 as a residue important for wild-type susceptibility to 
echinocandin inhibition (supra ) was identical to phenylalanine 1 80 of the 
Fksclp amino acid sequence given in Figure CD1. It is believed that: 1) 
FKS lean encodes an echinocandin-sensitive subunit of the £. albicans 
l f 3-beta-D-glucan synthase; 2) the remainder of the Fksclp protein 
sequence will show a similar degree of homology to Fkslp; 3) 
Mutations in FKS lean similar but not limited to the fksl-2 mutation will 
result in decreased susceptibility of both enzyme activity (1,3-beta-D- 
glucan synthase containing the mutant Fksclp subunit) and whole cells 
(C. albicans cells expressing the mutant Fksclp) to echinocandin 
inhibition. 

EXAMPLE 39 

The effect of loss of a functional copy of either FKS1 or 
FKS2 on sensitivity to yeast killer toxin was evaluated. The toxin- 
susceptibility test requires that the test strain lack the Ml killer virus, 

since strains containing the virus produce toxin (K+ ) and are immune 
(1+) to its action, and it is not possible to distinguish the killer resistant 
(Kre-) phenotype from the immune (I + ) phenotype. The strains 
constructed with insertion - deletions of either FKS1(YLIP179 and 
YLIP183; fksl::HIS3 ) or FKS2 (YLIP186 and YLIP190; fks2::TRPl) 
were K + I+; therefore, the Ml virus had to be cured from the strains 
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before the Kre phenotype could be assayed. YLIP179, YLIP183, 
YLIP186 and YLIP190 were grown overnight at 37°C. The next day, 
an aliquot of the overnight culture was transferred to fresh medium 
(1:1000 dilution) and incubation at 37°C was continued. After three 
passages, cells from the culture were streaked onto agar plates, and 
single colonies were isolated and tested for failure to produce killer 
toxin in a patch assay. The patch assay was performed by: 1) Adding 1 
x 105 logarithmic-phase cells of the killer toxin supersensitive strain S6 
to molten YPAD agar containing 0.25 M citrate buffer, pH 4.7 and 
0.03% methylene blue (YPAD Cit MB); 2) Pouring plates and allowing 
the seeded agar to solidify; 3) Applying a patch of the test strain to the 
surface of the plate; and 4) Incubating at 25°C for 24 h and looking for 
a zone of clearing around the patch. Strains which failed to produce a 
zone were not expressing active toxin (K-) and were not immune Q?) m 
Derivatives of YLIP179, YLIP183, YLIP186, and YLIP190 cured of 
the Ml -killer virus by this procedure were tested for susceptibility to 
killer toxin by a modification of the patch assay. Each test strain was 
seeded in molten YPAD Cit MB agar and a superkiller strain (K12) was 
applied as the patch. Under these conditions, there is little to no zone in 
the lawn of cells when the test strain is Kre-, All of the K- 1- isolates 
derived from fksl::HIS3 strains and fks2::TRPl strains were sensitive 
to the toxin produced by strain K12; control assays with several known 
Kre- strains (S706, S708, and S726; described in U.S. Patent 5,194,600, 
Tables I and VI) performed under the same conditions showed little to 
no zone. Therefore, loss-of-functions mutations in etiher FKS1 or 
FKS2 resulted in cells which were phenotypically distinct from strains 
with loss of function mutations in any of the KRE genes described in 
U.S. patent No. 5,194,600. 

EXAMPLE 40 



The susceptibility of two different kre mutants to inhibitors 
of 1,3-b-D-glucan synthase was measured. Strains S442(KRE1 KRE5) 
S708 (krel-3) and S726 (kre5~l) were grown in liquid YPAD medium 
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to stationary phase then seeded in molten YPAD agar at a final 
concentration of 1 x 105 cells per ml before pouring into petri plates. 
To test for drug sensitivity, pneumocandin Bo, echinocandin B, 
dihydropapulacandin, and L-733,560 (four known inhibitors of 1 ,3- 
beta-D-glucan synthase) were applied to the surface of the plates, and 
the diameter of each zone of growth inhibition was measured after 
growth at 30°C for 24 h. The methodology for this assay is essentially 
as described above, and strains R560-1C, W303-1A, YLIP179 
(fksl::HIS3) and YLIP186 (fks2::TRPl) were tested under the same 
conditions for comparison. Zone diameter is usually a good indicator 
of susceptibility to an inhibitor and can be used to score resistance or 
hypersensitivity relative to a congenic wild-type strain. Using these 
criteria, R560-1C cells were resistant, YLIP179 cells were 
hypersensitive, and YLIP186 cells were like the wild-type strain in 
susceptibility to the four 1 ,3-beta-D-glucan synthase inhibitors. In 
contrast, the kre mutants [S708 (krel-3) and S726 (kre5-l)] were 
equivalent to their wild-type parent strain (S442) in susceptibility to all 
four compounds. Therefore, there was no affect of the kre mutations 
on sensitivity to these 1 ,3-beta-D-glucan synthase inhibitors, while 
mutant alleles of FKS1 resulted in either resistance (fksl-2) or 
hypersensitivity (fksl::HIS3) to these compounds. The results imply 
that a microbial assay for inhibitors of 1 ,3-beta-D-glucan synthase based 
on differential susceptibility of a mutant/wild-type strain pair would not 
be effective with these kre mutants but could be effective with these fksl 
mutants. 
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WHAT IS CLAIMED IS : 

1 . An essentially pure DNA molecule selected from the 
group FKS1 and functional derivatives thereof and FKS2 and functional 
derivatives thereof. 

2. The DNA molecule of Claim 1 which is isolated 
from a microorganism. 

3. The DNA molecule of Claim 2, wherein the 
microorganism is selected from the group consisting of Aspergillus 
fumigatus . Aspergillus nidulans . Candida albicans . Crypt ococcus 
neoformans. Pneumocystis carinii and Saccharomvces cerevisiae . 

4. The DNA molecule of Claim 2, wherein the 
microorganism is Saccharomvces cerevisiae . 

5. The DNA molecule of Claim 1 having a nucleic acid 
sequence selected from the sequence of Figure 6, the sequence of Figure 
8, the DNA sequence of Figure 10, the sequence of Figure 11, and 
functional derivatives thereof. 

6. The DNA molecule of Claim 1 having the restriction 
map selected from Figure 1 , Figure 2, Figure 3 and Figure 4. 

7. The DNA molecule of Claim 1, wherein the DNA 
molecule is operably linked to regulatory sequences such that the DNA 
may be expressed upon introduction into a prokaryotic or eukaryotic 
cell. 



8. An essentially purified protein encoded by the DNA 
molecule of Claim 1 . 
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9. The protein of Claim 8 having an amino acid 
sequence selected from the amino acid sequence of Figure 5, the 
sequence of Figure 7, the sequence of Figure 9, the amino acid sequence 
of Figure 10, the sequence of Figure 12 and functional derivatives 
thereof. 

» 

10. A cell containing the DNA molecule of Claim L 

11. A microorganism selected from the group consisting 
of YFK532-7C, R560-1C, MS14, YFK0978, YFK1088-23B, YFK1088- 
16D, YFK1087-20B, and YFK1087-20A. 

12. Antibodies to the purified protein of Claim 8. 

13. A method for identifying compounds that modulate 
glucan synthase activity comprising: 

(a) cultivating two microorganisms, the first 
microorganism bearing intact FKS1 DNA and FKS2 
DNA, and the second microorganism bearing an 
altered FKS 1 DNA or an altered FKS2 DNA; 

(b) incubating aliquots of the microorganisms of step (a) 
with a quantifiable amount of a compound know to 
affect glucan synthase; 

(c) incubating aliquots of the microorganisms of step (a) 
with test compounds; and 

(d) measuring the glucan synthase activity in the 
microorganisms of step (b) and step (c). 

14. Compounds identified by the method of Claim 13. 

15. A method of identifying compounds that affect 
calcineurin comprising: 

(a) cultivating three microorganisms, the first 

microorganism bearing intact FKS1 DNA and FKS2 
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(a) cultivating three microorganisms, the first 
microorganism bearing intact FKS1 DNA and FKS2 
DNA, the second microorganism bearing an altered 
form of FKS1 DNA, and the third microorganism 
bearing an altered form of FKS1 DNA and at least 
two copies of CNA2 DNA and at least two copies of 
CNB2DNA; 

(b) incubating aliquots of the three microorganisms of 
step (a) with a quantifiable amount of a compound 
known to affect calcineurin; 

(c) incubating aliquots of the three microorganisms with 
test compounds; and 

(d) measuring the relative growth of the aliquots of step 
(b) and step (c). 

16. Compounds identified by the method of Claim 15. 

17. Pharmaceutical compositions comprising the 
compounds of Claim 16. 

18. A method of identifying compounds that modulate 
1,3-beta-D glucan synthase subunit activity, comprising: 

(a) mixing a test compound with a solution containing 
1 ,3-beta-D glucan synthase subunit to form a 
mixture; 

(b) measuring 1,3-beta-D glucan synthase subunit 
activity in the mixture; and 

(c) comparing the 1 ,3-beta-D glucan synthase subunit 

i 

activity of the mixture to a standard. 

19. Compounds identified by the method of Claim 18. 

20. Pharmaceutical compositions comprising the 
compounds of Claim 19. 
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21 . A method of treating a subject in need of such 
treatment which comprises administration of the compositions of Claim 
20 to the subject. 
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1 TACTGTATCGGTTTCAAGTCTGCTGCTCCCGAGTACACGCTTCGCACCCGTATTTGGTCC 60 

1 YC 1 GFKSAAPEYTt R TR I WS 20 

61 TCGCTGCG T TCGCAMCTCT T T ACAGAAC TG TATCCGGG ATG ATGAAC T ATAGCAG AGCT 120 

21SLRSQTLYRTVSGMMNYSRA 40 

121 ATCAAGCTCCTCTACCGTGTGGAGAACCCGGAAGTCGTCCAGATGTTCGGTGGTAATTCT 180 

41 IKLLYRVENPEVVQMFGGNS 60 

181 GAGAAGCTGGAACATGAGCTCGAGAGGATGGCCCGTCGCAAGTTCAAGATCTGTGTTTCA 240 

61 EKLEHELERMARRKFK I CVS 80 

241 ATGCAGCGGTATGCCAAATTCACAAAAGAAGAACGTGAGAACACAGAGTTCCTCCTCCGA 300 

81MQRYAKFTKEERENTEFLLR 100 

301 GCCTACCCCGACCTGCAGATTGCCTATCTCGATGAGGAACCTCCAGCCAACGAGGGTGAA 360 

101AYPDLQIAYLDEEPPANEGE 120 

361 GAGCCGCGTCTCTACTCTGCTTTGATTGATGGACACTGTGAGCTGCTCGAGAATGGCATG 420 

121 EPRL YSAL I OGHCELLENGM 140 

421 CGGAAGCCCAAGTTCAGGATCCAGCTCTCCGGAAACCCGATCCTTGGTGACGGCAAGTCT 480 

141 R K P K F R I Q L S G N P I L G 0 G K S 160 

481 GACAACGAAAACCACTCGATCATTTTCTACCGCGGTGAATACATTCAGGTCATTGATGCC 540 

161DNQNHSI IFYRGEYIQVIDA 180 

541 AACCAAGACAACTATGTCGAAGAGTGCTTGAAAATCCGAAGCGTTCTTGCTGAGTTTGAG 600 

I81N00NYLEECLK I R S V L A E F E 200 

601 GAATTGACCACCGACAATGTCTCGCCTTACACTCCTGGCGTTGCCTCTTCCTCTGAAGCT 660 

201 ELTTONVSPYTPGVASSSEA 220 

66 1 CCTGTTGCTATCCTTGGTGCCCGTGAATACATTTTCTCAGAGAACATTGGTGTACTTGGT 720 

221 P V A I L G A R E Y I F S E N I G V L G 240 

721 GACGTTGCCGCCGGTAAAGAACAGACATTTGGTACCCTGTTTGCTCGTACTCTTGCTCAG 780 

241 D V A A G K E Q T F G T L F A R T L A Q 260 

781 ATTGGCGGAAAGCTCCATTATGGTCACCCTGATTTCCTGAATGGTATCTTCATGACTACC 840 

261 I G G K L H Y G H P 0' F L N G I F M T T 280 

FIG.5A 
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841 AGAGGTGGTATCTCCAAGGCTCAAAAAGCTCTACACCTTAACGAGGATATCTACGCTCGT 900 

281 RGG I SKAQKGLHLNED 1 Y A G 300 

901 ATGAACGCCATGGTTCGTGGTGGCCGCATCAAGCACTGCGAGTACTTCCAGTGTGGTAAG 960 

301 MNAMVRGGR I KHCEYFQCGK 320 

96 1 GGTCGTGATCTTGGTTTCGGTTCCATTCTTAATTTCACCACTAAGATTGGCACTGGTATG 1020 

321 GRDLGFGS ILNFTTK IGTG M 340 

1021 GGTGAGCAAATGCTATCAAGAGAGTACTACTACTKGGGTACTCAACTGCCACTCGACCGA 1080 

341 GEQML SREYYYXGTQLPLDR 360 

1081 TTCCTGTCCTTTTACTATGYTCACCCTGGATTCCACATCAACAACATCTTTATTATGTTG 1 140 

36IFLSFYYXHPGFHINNMF1ML 380 

1141 TC TG TGCAAATG T TCATG AT TGT TCTGATC AACCTGGGGGCCCTG AAGCACGAAACC ATC 1200 

381SV0MFMI VL INLGALKHET I 400 

1201 AACTGCAACTACAACTCCGACCTGCCCATTACCGATCCACTTATGCCAACGTTCTGCGCG 1260 

401NCNYNSOLP I TDPLMPTFCA 420 

1261 CCTCTCACTCCTATCATCAACTGGGTCAACCGCTGTGTTATTTCGATTTTCATCGTTTTC 1320 

421 P L T P I I N W V N R C V I S I F I V F 440 

1321 TTCATTTCGTTTGTTCCTTTGGCTGTTCAAGAATTGACTGAAAGAGGACTCTGGCGTATG 1380 

441 F 1 S F V P L A V Q E L T E R G L W R M 460 

1381 GCAACGCGTCTGGCCAAACATTTCGGATCTTTCTCCTTCATGTTCGAGGTGTTTGTTTGT 1440 

461 A T R L A K H F G S F S F M F E V F V C 480 

1441 CAAATCTATTCCAACGCTGTGCACCAAAACTTGTCTTTCGGTGGAGCGCGCTACATCGCT 1500 

481 Q I Y S N A V H Q N L S F G G A R Y j A 500 

1501 ACCGGTCGTGGTTTCGCAACTGCTCGTATCCCATTCGGCGTTCTGTACTCTCGGTTTGCG 1560 

501 T G R G F A T A R 1 P F G V L Y S R F A 520 

1 56 1 GGACCTTCAATTTACACCGGTTTCCGTCTGCTGATCATGCTGCTCTTCTCAACCTCAACT 1 620 

521 GPS I YTGFRLL IMLLFSTST 540 

FIG.5B 
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1621 ACCTGGACTGCCTCTCTCATTTGGTTCTGGGTCTCTCTTCTCGCCCTTTGCATCTCCCCA 1680 

541 TWTASL IWfWVSLLALC ISP 560 

.168 1 TTCCTTTTCAACCCTCACCAGTTTGCCTGGAACGACTTCTTCATCGATTACCGTGACTAC 1 740 

561 FLFNPHQF AWNOFF IDYRDY 580 

r 

1 74 1 ATCCGATGGCTTTCGCGCGGTAACTCTCGCTCACACGCATCCTCATGGATTGGCTTCTGC 1 800 

581 I RWISRGNSRSHASSW I G F C 600 

1801 CG TT TGTCGCG TAC TCGGA TCACTGGT T ACAAGCGCAAGCTTCTCGG TGTGCCG TCGGAG 1860 

601RLSRTR ! TGYKRKLLGVPSE 620 

1861 AAAGGATCAGGTGACGTTCCCAGAGCTCGTATTACCAACATTTTCTTCAGCGAAATTGTC 1920 

621KGSGDVPRARI TNI FFSE IV 640 

1 92 1 GCTCCTCTAGTCCTCGTTGCTGTTACCCTCGTTCCATACCTCTACATCAATTCTCGGACT 1 980 

641APLVLVAVTLVPYLYINSRT 660 

1981 GG TGTGAGCGC TG ATG TGG ACGGGGGCAATG ACCCTCACG ATGCC AT TT TGCGT AT TGCC 2040 

661GVSAOVDGGNDPHOA1 L R I A 680 

204 1 ATTGTAGCATTTGGACCTATTGGTATCAATGCCGGTGTTGCTGCTGTTTTCTTTGGTATG 2 100 

681 1VAFGP IG I NAGVAAVFFGM 700 

2101 GCATGCTGCATGGGTCCCATCCTGAGCATGTGCTGCAAGAAGTTCGGTGCTGTGTTGGCG 2160 

701 ACCMGP I LSMCCKKFGAVLA 720 

2161 GCTATTGCCCACGCGATTGCTGTGATCATCTTGCTTGTCATCTTTGAAGTCATGTTCTTC 2220 

721 A I A H A I A V I I L I V I F E V M F F 740 

222 1 CTCGAACACTGGTCTTGGCCCCGGTGCGTCATGGGCATGATCGCCATGGGTGCCATTCAA 2280. 

741 L EHWSWPRCVMGM I AMGA I Q 760 

2281 CGTTTCGTCTACAAACTTATTATCGCGCTCGCTCTTACCCGAGAGTTCAAGCATGACCAG 2340 

761 R F V Y K L I I ALAL TREFKHOQ 780 

2341 TCGAACATCGCATGGTGGACTGGAAAATGGTACAACATGGGTTGGGACTCTCTCTCTCAA 2400 

781 SNI AWWTGKWYNMGWDSLSQ 800 



FIG.5C 
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240! CCGGGCCGAGAGTTCCICTGCAAGATCACGGAGTTGGGCTATTTCTCAGCAGACTTCGTC 2460 

801PGREFLCKITELGYFSADFV 820 

246 1 ATTGGTCATCTCCTATTGTTCATTATGCTGCCCGCTCTTTGTGTTCCTTACATTGACAAG 2520 

82! I G, HI L LF I MLPALCVPY I D K 840 

2521 TTTCACTCAGYCATTCTCTTTTGGGTCCSGCCCAAGGTAAGAACC 2565 
841 FHSX 1 LFWVXPKVRT 855 



FIG.5D 
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10 20 30 40 50 60 

* ♦ t i ♦ « 

GGT ACC ATC TAC TGG ATG TAC ACT GCT TAG AAC TCC CCA ACC TTG TAT ACT AAA CAT TAT 

70 BO 90 100 110 120 

» t * * • * 

GTC CAA ACC ATA AAT CAA CAA CCA CTT GCT TCC TCA AGA TGG GCT GCT TGT GCC ATT GGT 

130 140 150 160 170 180 

* » * ♦ ♦ * 

GGT GTT CTT GCT TCA TTT ATT CAA ATT CTT GCC ACA CTT TTC GAA TGG ATT TTC GTG CCT 

190 200 210 220 230 240 

* « * » « i 

AGA GAA TGG GCC GGT GCT CAA CAT TTG AGT CGT CGT ATG CTA TTT TTG GTG TTA ATT TTC 

250 260 270 280 290 300 

« ♦ » ♦ » « 

TTA CTC AAT TTG GTT CCA CCA GTT TAT ACA TTC CAA ATT ACC AAA TTG GTG ATT TAT TCG 

310 320 330 340 350 360 

» » * » * » 

AAA TCG GCA TAT GCT GTG TCG ATT GTT GGA TTT TTC ATT GCT GTG GCC ACT TTA GTA TTC 

370 380 390 400 410 420 

* » ♦ « ♦ » 

TTT GCC GTC ATG CCA TTG GGT GGT TTA TTC ACT TCA TAC ATG AAC AAG AGA TCA AGA AGA 

430 440 450 460 470 480 

« * » » « » 

TAT ATT GCA TCA CAA ACA TTT ACT GCC AAC TAC ATT AAA TTG AAA GGT TTA GAT ATG TGG 

490 500 510 520 530 540 

* « ♦ * « » 

TAT ATT GCA TCA CAA ACA TTT ACT GCC AAC TAC ATT AAA TTG AAA GGT TTA GAT ATG TGG 

550 560 570 580 590 600 

« ♦ ♦ » » • 

ATG TCT TAT TTG TTA TGG TTT TTG GTT TTC CTT GCC AAA TTG GTT GAA TCT TAT TTC TTC 
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610 620 630 640 650 ■ 660 

« * * * * * 

TTG ACT TTG TCT TTA AGA GAT CCT ATT AGA AAC TTG TCG ACC ATG ACA ATG AGA TGT GTT 

670 680 690 700 710 720 

* » # ♦ * * 

GGT GAA GTT TGG TAC AAA GAT ATT GTT TGT AGA AAC CAA GCC AAG ATT GTC TTG GGG TTG 

730 740 750 760 770 780 

* * * * » * 
ATG TAT CTT GTT GAT TTG TTA TTG TTC TTT TTG GAT ACT TAT ATG TGG TAC ATT ATT TGT 

790 800 810 820 830 840 

* ♦ * ♦ * ♦ 
AAC TGT ATC TTC TCC ATT GGT CGT TCA TTC TAT TTG GGT ATT TCC ATT TTG ACT CCT TGG 

850 860 870 880 890 900 

♦ * ♦ * ♦ ♦ 

AGA AAC ATT TTC ACC AGA TTG CCA AAG AGA ATT TAT TCC AAG ATT TTA GCT ACC ACC GAA 

910 920 930 940 950 960 

♦ * . * ♦ * ■ ♦ 

ATG GAA ATC AAA TAT AAA CCT AAA GTT TTG ATT TCA CAA ATT TGG AAT GCC ATT GTT ATT 

970 980 990 1000 1010 1020 

* » * * « * 

TCC ATG TAC AGA GAA CAC TTG TTA GCC ATT GAT CAC GTT CAA AAA TTA TTG TAT CAT CAA 

1030 1040 1050 1060 1070 1080 

» ♦ ♦ ♦ • » 

GTC CCA TCT GAA ATT GAA GGT AAG AGA ACT TTG AGA GCT CCA ACT TTC TTT GTT TCT CAA 

1090 1100 1110 1120 1130 1140 

♦ ♦ ♦ ♦ » * 

GAT GAC AAC AAT TTT GAA ACG GAA TTT TTC CCA AGA AAT TCT GAA GCT GAA AGA AGA ATT 

1150 1160 1170 1180 1190 1200 

• » ♦ « * ♦ 

TCA TTT TTC GCT CAA TCT TTG GCT ACA CCA ATG CCA GAA CCA TTA CCA GTT GAT AAT ATG 
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1210 



1220 
♦ 



1230 

* 



1240 



1250 



1260 

* 



CCA ACT TTT ACT GTT TTT ACT CCT CAT TAT TCG GAA AAG ATT TTG TTA TCT TTG AGA GAA 



1270 
» 



1280 
♦ 



1290 
♦ 



1300 
* 



1310 

♦ 



1320 



ATC ATT AGA GAA GAT GAT CAA TTC TCA AGA GTG ACA TTA TTG GAA TAT TTG AAA CAA TTA 



1340 
» 



1350 
♦ 



1360 
» 



1370 
* 



1380 



1390 



CAT CCA GTT GAA TGG GAT TGT TTT GTT AAG GAC ACC AAG ATT TTG GCT GAA GAA ACT GCT 



1400 
» 



1410 



1420 



1430 

* 



1440 



1450 
* 



GCT TAT GAA AAT GGT GAT GAT TCT GAA AAA TTA TCT GAA GAT GGA TTG AAA TCC AAG ATT 

1460 1470 1480 1490 1500 1510 

♦ ♦ « * ♦ « 

GAT GAT TTA CCA TTC TAT TGT ATT GGT TTC AAG TCT GCC GCC CCT GAA TAT ACT TTA AGA 



1520 



1530 
* 



1540 
♦ 



1550 



1560 



1570 
* 



ACA AGA ATT TGG GCT TCA TTG AGA TCC CAA ACT TTG TAC AGA ACT GTA TCT GGG TTT ATG 



1580 1590 1600 1610 1620 1630 

* ♦ » • * » 

AAT TAT GCC AGA GCC ATT AAA TTG TTA TAC AGA GTG GAA AAC CCA GAA TTG GTT CAA TAT 

1640 1650 1660 1670 1680 1690 

» ♦ ♦ ♦ « « 

TTC GGT GGT GAT CCT GAA GGA TTA GAA TTA GCT TTA GAA AGA ATG GCC AGA AGA AAG TTT 



1700 



1710 1720 1730 1740 1750 

» * * » * ♦ 

AGA TTT TTG GTT TCT ATG CAA AGA TTG TCT AAA TTC AAA GAT GAT GAA ATG GAA AAT GCT 



1760 

* 



1770 



1780 

* 



1790 



1800 

♦ 



1810 

* 



GAG TTC TTA TTG CGT GCT TAC CCT GAT TTG CAA ATT GCT TAC TTG GAT GAA GAA CCG GCT 
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1820 1830 1840 1850 1860 1870 

* » ♦ »»...♦ 
TTG AAT GAG GAC GAG GAA CCA AGA GTA TAC TCT GCC TTG ATT GAT GGT CAT TGT GAA ATG 

1880 1890 1900 1910 1920 1930 

* « * * ' » « 

TTA GAA AAT GGT AGA CGT CGT CCT AAA TTC AGA GTT CAA TTG TCT GGT AAT CCA ATT TTG 

1940 1950 1960 1970 1980 1990 

* ♦ * ♦ » * 

GGT GAT GGT AAA TCT GAT AAT CAA AAT CAT GCG GTT ATT TTC CAT AGA GGT GAA TAT ATT 

2000 2010 2020 2030 2040 2050 

* * * i * » 
CAA TTG ATT GAT GCT AAT CAA GAT AAT TAT TTG GAA GAA TGT TTG AAG ATT AGA TCA GTT 

2060 2070 2080 2090 2100 2110 

* i » * » * 

TTG GCT GAA TTT GAA GAA ATG AAT GTT GAA CAT GTT AAT CCA TAT GCA CCA AAT TTG AAA 

2120 2130 
TCT GAA GAT AAT AAC ACC AAG AAG GAT CC 
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10 20 30 40 50 60 

* * * * * • 

Gly Thr lie Tyr Trp Met Tyr Thr Ala Tyr Asn Ser Pro Thr Leu Tyr Thr Lys His Tyr 

70 80 90 100 110 120 

* * * * * * 

Vol Gin Thr lie Asn Gin Gin Pro Leu Alo Ser Ser Arg Trp Ala Ala Cys Alo lie Gly 

130 140 150 160 170 180 

i ♦ ♦ ♦ * * 

Gly Vol Leu Alo Ser Phe He Gin lie Leu Ala Thr Leu Phe Glu Trp He Phe Vol Pro 

190 200 210 220 230 240 

* * # * * * 

Arg Glu Trp Alo Gly Alo Gin His Leu Ser Arg Arg Mel Leu Phe Leu Vol Leu lie Phe 

250 260 270 280 * 290 300 

* * * * * • 

Leu Leu Asn Leu Vol Pro Pro Vol Tyr Thr Phe Gin He Thr Lys Leu Vol lie Tyr Ser 

310 320 330 340 350 360 

* • * ♦ * « 

Lys Ser Alo Tyr Alo Vol Ser lie Vol Gly Phe Phe lie Alo Vol Alo Thr Leu Vol Phe 

370 380 390 400 410 420 

* * * * ♦ * 

Phe Alo Vol Mel Pro Leu Gly Gly Leu Phe Thr Ser Tyr Mel Asn Lys Arg Ser Arg Arg 

430 440 450 460 470 480 

* ♦ ♦ # * * 

Tyr He Alo Ser Gin Thr Phe Thr Alo Asn Tyr He Lys Leu Lys Gly Leu Asp Mel Trp 

490 500 510 520 530 540 

* * ♦ * ♦ * 

Mel Ser Tyr Leu Leu Trp Phe Leu Vol Phe Leu Alo Lys Leu Vol Glu Ser Tyr Phe Phe 

550 560 570 580 590 600 

* ♦ * * ♦ * 



Leu Thr Leu Ser Leu Arg Asp Pro He Arg Asn Leu Ser Thr Mel Thr Mel Arg Cys Vol 
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610 620 63a 

* i ♦ 

Gly Glu Vol Trp Tyr Lys Asp lie Vol Cys 

670 680 690 

* ♦ ♦ 

Mel Tyr Leu Vol Asp Leu Leu Leu Phe Phe 

730 740 750 

* * * 

Asn Cys lie Phe Ser He Gly Arg Ser Phe 



790 


800 810 
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Arg Asn lie Phe Thr 


• * 

Arg Leu Pro Lys Arg 


850 


860 870 
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Met Glu He Lys Tyr 


Lys Pro Lys Vol Leu 


910 
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Ser Met Tyr Arg Glu 


* * 

His Leu Leu Alo He 


970 


980 990 
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* * 


Vol Pro Ser Glu lie Glu Gly Lys Arg Thr 



1030 1040 1050 

* « « 

Asp Asp Asn Asn Phe Glu Thr Glu Phe Phe 



1090 1100 IJ10 

* * t 

Ser Phe Phe Alo Gin Ser Leu Alo Thr Pro 

1150 1160 1170 

* * * 

Pro Thr Phe Thr Vol Phe Thr Pro His Tyr 



640 


650 


660 


* 

Arg Asn Gin Alo 
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Lys lie Vol 
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Leu Gly Leu 


700 


710 


720 
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1210 1220 1230 1240 1250 1260 

* * * ♦ * ♦ 

He He Arg Glu Asp Asp Gin Phe Ser Arg Vat Thr Leu Leu Glu Tyr Leu Lys Gin Leu 

1270 1280 1290 1300 1310 1320 

* ♦ ♦ * ♦ * 

His Pro Vol Glu Trp Asp Cys Phe Vol Lys Asp Thr Lys lie Leu Alo Glu Glu Thr Ala 

1330 1340 1350 1360 1370 1380 

* * * * * ♦ 

Alo Tyr Glu Asn Gly Asp Asp Ser Glu Lys Leu Ser Glu Asp Gly Leu Lys Ser Lys lie 

1390 1400 1410 1420 1430 1440 

* * * * * * 

Asp Asp Leu Pro Phe Tyr Cys He Gly Phe Lys ser Alo Alo Pro Glu Tyr Thr Leu Arg 

1450 1460 1470 1480 1490 1500 

* ♦ ♦ i ♦ ♦ 

Thr Arg He Trp Alo Ser Leu Arg Ser Gin Thr Leu Tyr Arg Thr Vol Ser Gly Phe Met 

1510 1520 1530 1540 1550 1560 

* * * ♦ ♦ * 

Asn Tyr Alo Arg Alo He Lys Leu Leu Tyr Arg Vol Glu Asn Pro Glu Leu Vol Gin Tyr 

1570 1580 1590 1600 1610 1620 

* * * ♦ * * 

Phe Gly Gly Asp Pro Glu Gly Leu Glu Leu Alo Leu Glu Arg Met Alo Arg Arg Lys Phe 

1630 1640 1650 1660 1670 1680 

* * * * » * 

Arg Phe Leu Vol Ser Met Gin Arg Leu Ser Lys Phe Lys Asp Asp Glu Met Glu Asn Alo 

1690 1700 1710 1720 1730 1740 

* « * * # * 



Glu Phe Leu Leu Arg Alo Tyr Pro Asp Leu Gin He Alo Tyr Leu Asp Glu Glu Pro Alo 
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1750 1760 1770 1780 1790 1800 

* * » * * ♦ 

Leu Asn Glu Asp Glu Glu Pro Arg Vol Tyr Ser Alo Leu He Asp Gly His Cys Glu Met 

1810 1820 1830 1840 1850 1860 

* * * t $ * 

Leu Glu Asn Gly Arg Arg Arg Pro Lys Phe Arg Vol Gin Leu Ser Gly Asn Pro lie Leu 

1870 1880 1890 1900 1910 1920 

* * * * ♦ ♦ 

Gly Asp Gly Lys Ser Asp Asn Gin Asn His Ala Vol lie Phe His Arg Gly Glu Tyr He 

1930 1940 1950 1960 1970 1980 

* * * * * $ 

Gin Leu lie Asp Alo Asn Gin Asp Asn Tyr Leu Glu Glu Cys Leu Lys He org Ser Vol 

1990 2000 2010 2020 2030 2040 

* * * * * * 

Leu Alo Glu Phe Glu Glu Mel Asn Vol Glu His Vol Asn Pro Tyr Alo Pro Asn Leu Lys 

2050 2060 

* * 

Ser Glu Asp Asn Thr Lys Lys Asp Pro 
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